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HUNGER   A»D   TQIBBT. 

It  is  Hunger  which  brings  these  stalwart  navvk 
together  in  orderly  gangs  to  cut  paths  throu^  mooi 
ttdns,  to  throw  bridges  across  rivers,  to  intersect  til 

land  with  the  great  iron  waya  which  bring  city  into  d^ 
communication  with  city.  Hunger  is  the  invisible  owe 
seer  of  the  men  who  are  erecting  palaces,  prison-houaa 
barracks,  and  villas.  Hunger  sits  at  the  loom,  wiax 
with  stealthy  power  is  weaving  the  wondrous  fabrics  C 
cotton  and  ailk.  Himger  labours  at  the  furnace  ai 
the  plough,  coercing  the  native  indolence  of  man  ini 
strenuous  and  incessant  activity.  Let  food  be  aim 
dant  and  easy  of  access,  and  civilisation  becomes  in 
possible :  so  indissolubly  dependent  are  our  highi 
efforts  on  our  lower  impulses.  Nothing  but  the  neeQ 
sities  of  food  will  force  man  to  that  labour  which  t 
hates,  and  will  always  avoid  when  he  can.  And  althoiig 
this  seems  obvious  only  when  applied  to  the  labonrin 
classes,  it  is  equally  though  less  obviously  true  w 
applied  to  all  other  classes,  for  the  money  we  all  lal 
to  gain  is  nothing  but  food,  and  the  surplus  of  £ 
which  will  buy  other  men's  labour. 

Himger,  although  beneficent,  is  no  less  terribla  Vf 
its  progress  is  unchecked,  it  becomes   a  devouril 
flame,  destroying  all  tha,t  is  most  noble  in  man,     Hna 
ger  ia  a  stimulus  to  crime,  no  less  than  to  honei 
labour.     It  wanders  through  dark  alleys,  whisperi 
desperate  thoughts  into  eager  ears ;  and  it  madde 
the  shipwrecked  crew  till  they  east  away  all  Bbam^  a 
all  desire  of  respect,  and  perpetrate  deeds  n 
LOt  be  mentioned  without  horror.    Hunger  sul^v 


WHAT  IS  A  TISSUE!  S 

)i  hnmanity  in  man,  and  makes  the  brote  pre- 

Impelled  by  this  feroeioua  instinct,  men 

i  eaten  their  companions,  and  women  have  even 

tieaten  their  own  children.     Hunger  has  thus  a  two- 

bfold  character  :  beside  the  pictnre  of  the  activities  it 

ispiies,  we  must  also  contemplate  the  picture  of  the 

Hiities  it  evokes. 

What  13  this  Hunger — wh^t  its  causes  and  effects? 

In  one  sense  we  may  all  be  said  to  know  what 

hunger  is  ;  in  another  sense  no  man  can  enlighten  us  ; 

SPe  have  all  felt  it,  but  Science  as  yet  has  been  unable 

0  furnish  any  sufficient  explanation  of  it.     Between 

[he  gentle  and  agreeable  stimulus  known  aa  Appetite, 

ud  the  agony  of  Starvation,  there  are  infinite  grada- 

The  early  stages   are   fanuliar  even   to  the 

•wealthy ;  but  only  the  very  poor,  or  those  who  have 

undergone  exceptional  calamities,  such  as  shipwreck 

and  the  like,  know  anything  of  the  later  stages.    We 

■  aU  know  what  it  is  to  be  hungry,  even  veri/  hungry ; 

',  the  terrible  approaches  of  protracted  hunger  are 

axceptional  experiences.     From  materi^s  furnished  by 

d  experiences,  both  familiar  and  exceptional,  I  will  en- 

javour  to  state  the  capital  phenomena  and  their  caasea. 

And  first  we  must  explain   what  is  meant  by  a 

issue,  as  the  word  will  be  of  constant  recurrence  in 

Previous  to  the  time  of  BichjLt,  who  may 

I  called  the  founder  of  philosophical  anatomy,  the 

}dy  was  considered  aa  made  up  of  various  parts  or 

;  when  these  parts  had  been  enumerated,  the 

isk  of  description   was  over.      Bich^t  flashed  hght 


upon  the  Kksce  when  be  d 

themselres  iroe  made  up  at  rm 

tai7  structures,  eaA  vi  wfaieh  fmjjuiul  ill  < 

btic  properties  in  wkaterer  part  (^  dw  h 

be  found.    Tfans  tbe  hetat,  tot  itwrtncf, 

constructed  out  of  mosenlar  tissue,  uhu 

nerrcnu  tissue,  and  adipose  tissue — eaA  at  tbaafl 

m&mfestmg  the  same  properties  in  the  keut  1 

manifests  in  every  other  orgaa ;  just  i 

substances  out  of  which  a  ship  is  c 

hemp,  copper,  iron,  tar,  &c — presare  their  c 

tic  properties,  though  the  wood  may  be  mddo^  d 

mast,  and  the  iron  anchor,  nail,  or  cable. 

The  tissues  are    the  elementary  portioi 
animal  fabric  ;  and  a  distiuct  branch  of  the  s 
de?ot«d  to  their  study  tmder  the  name  of  flw 
also  called  General  Anatomy.     The  organism  ii 
posed  of  organs,  and  the  organ 

L  The  Cadse  of  Hdsgee. — In  every  living  oifpn- 
ism  there  is  an  incessant  and  reciprocal  activity  <rf 
waste  and  repair.  The  living  fabric,  in  the  Tciy 
actions  which  constitute  its  life,  is  momently  yielding 
up  its  particles  to  destruction,  like  the  coal  which 
is  burned  in  the  furnace  :  so  much  coal  to  so 
much  heat,  so  much  waste  of  tissue  to  so  much  vital 
activity.  You  cannot  wink  your  eye,  move  your  finger, 
or  think  a  thought,  but  some  minute  particle  of  yoar 
substance  must  be  sacrificed  in  doing  so.  Unless  the 
coal  which  is  burning  be  fi-om  time  to  time  replaced. 


THE  CADSB  OF  HUNGER. 

the  fire  soon  smoulders,  and  finally  goes  out;  unless 
wtbe  substance  of  your  body,  which  is  wasting,  be  from 
rtime  to  time  furnisbed  with  fresh  food,  Life  flickers,  and 
■at  length  becomes  extinct. 

Hunger  is  the  instinct  which  teaches  us  to  replenish 
I  the  empty  furnace. 

But  although  the  want  of  food,  necessary  to  repair 
■the  waste  of  life,  is  the  primary  cause  of  Hunger,  id 
s  not,  as  is  oft«n  erroneously  stated,  in  itself  con- 
f  stitute  Hunger.  The  absence  of  necessary  food  causes 
['the  sensation,  but  it  is  not  itself  the  sensation.  Food 
I  may  be  absent  without  any  senaation,  such  as  we  ex- 
I  press  by  the  word  Hunger,  being  felt :  insane  people 
Ifrequeutly  subject  themselves  to  prolonged  abstinence 
'  from  food,  without  any  hungry  cravings ;  and,  in  a 
,  it  is  familiar  to  us  all  how  any  violent 
emotion  of  grief  or  joy  will  completely  destroy,  not 
only  the  sense  of  Hunger,  but  our  possibility  of  even 
I  swallowing  the  food  which  an  hour  before  was  crav- 
L  ingly  desired.  Further,  it  is  known  that  the  feeling 
I  of  Hunger  may  be  allayed  by  opium,  tobacco,  or  even 
I  by  inorganic  substances  introduced  into  the  stomach, 
I  although  none  of  these  can  supply  the  deficiency  of 
l.food.  Want  of  food  is  therefore  the  primary,  but  not 
I  the  proximate,  cause  of  Hunger.  I  am  using  the  word 
I  Hunger  in  its  popular  sense  here,  as  indicating  that 
■■Specific  sensation  which  impels  us  to  eat ;  when  the 
t  has  been  more  fully  unfolded,  the  reader  will 
w  far  this  popular  sense  of  the  word  is  applicable 
D  all  the  phenomena. 


but] 


1  piesentfl 


We  can  novr  imdeKUiid  why  Hongtr  ahonld 
periodically,  and  wiUi  a  Jreqnenry  in  t^ojmrdon  to 
denunda  of  nutrition.    Young  animals  denuuid 
more  freqaently  tlian  tlie  adalt ;  btids  and 
more  IrequentJy  than  irpdlea  and  fiahes.     A 
boa-constrictor  will  only  ieed  alxmt  (HKe  a-moBtl 
lirely  ralibit  twenty  times  a-day.     Tempeiatote 
also  its  infioence  on  the  freqnency  of  the  recnirenoe 
cold  excites  ibe  appetite  of  warm-blooded  aninuils, 
diminishes  that  of  the  cold-blooded,  the  majority 
which  cease  to  take  any  food  at  the  temperature 
freezing.     Those  warm-blooded  animals  which 
the  curious  phenomenoa  of  "  winter  sleep,' 
the  cold-blooded  animals  in  this  respect ;  during  hyl 
nation  they  need  no  food,  becaose  almost  all  the 
actions  are  suspended.     It  is  found  that,  at  the  te 
ratnre  of  freezing,  even  digestion  is  snspended.   Hi 
fed  lizards  at  the  commencement  of  winter,  and 
time  to  time  opened  them,  withoat  perceiving  taiy 
dications  of  digestion  having  gone  on  ;  and  when  spri 
retnmed,  those  lizards  which  were  still  living,  vol 
the  food  which  they  had  retained  undigested  in 
stomachs  during  the  whole  winter.* 

Besides  the  usual  conditions  of  recurring  ap] 
there  are  some  unusual  conditions,  depending  on  p( 
liarities  in  the  individual,  or  on  certain  states  of 
organism.  Thus  during  convalescence  after  some 
adies,  especially  fevers,  the  appetite  is  almost  iucess 
and  Admiral  Eyron  relates  that,  after  suffering  fa 
month's  starvation  during  a  shipwreck,  he  and  bis 
•  avatZB:  ObitrvatioKi  oa  Certain  ParU  of  the  Animal  Bum 


THE   ORGANISM   NOT   A   MECHANISM.  7 

panions,  when  on  shore,  were  not  content  with  gorg- 
ing themselves  while  at  table,  but  filled  their  pockets 
t  they  might  eat  during  the  intervals  of  meala.     In 
1  diseases  there  is  a  craving  for  food  which  no 
(applies  allay  ;  but  of  this  we  need  not  speak  here. 
■   The  animal  body  is  often  compared  with  a  steam- 
f  which  the  food  is  the  fuel  in  the  furnace, 
ing  the  motor-power.     As  an  illustration,  this 
lay  be  acceptable  enough,  but,  like  many  other  iUua- 
rations,  it  is  often  accepted  for  a  real  analogy,  a  true 
[pression  of  the  facts.    As  an  analogy,  its  failure  is 
mspicuous.    No  engine  bums  its  otvn  substamce  aa 
:  its  motor-power  is  all  derived  from  the  coke 
which  is  burning  in  the  furnace^  and  ia  in  direct  pro- 
■■iportion  to  the  amomit  of  coke  consumed ;  when  the 
*  coke  is  exhausted,  the  engine  stops.    Bat  every  organ- 
ism consumes  its  own  body :  it  does  not  bum  food, 
but  tissue.     The  fervid  wheels  of  life  were  made  out  of 
L  fi»d,  and  in  their  action  motor-power  is  evolved. 

The  difference  between  the  organism  and  the  me- 
Jchaniam  is  this  :  the  production  of  heat  in  the  organ- 
ism is  not  the  cause  of  its  activity,  but  the  result  of  it ; 
whereas  in  the  mechanisin,  the  activity  originates  in, 
md  is  sustained  by,  the  heat.  Remove  the  coals  which 
renerate  the  steam,  and  you  immediately  arrest  the 
etion  of  the  mechanism  ;  but  long  after  all  the  food 
s  disappeared,  and  become  transformed  into  the  solids 
i  liquids  of  the  living  fabric,  the  organism  continues 
0  manifest  all  the  powers  whieli  it  manifested  before. 

There  is  of  course  a  limit  to  this  continuance,  inas- 
lljiucb  aa  vital  activity  is  dependent  on  the  destruction 


nUNUKK  JISP   THIGST. 

oftiwoe.  The  man  who  takes  no  food,  tires,  likes  qwod- 
thrift,  on  hill  capital,  and  cannot  survive  his  capitoL  B» 
M  obverved  to  get  thiu,  pale,  and  feeble,  because  heil 
•pending  without  replcniatmig his  coffers;  he  is  gradu- 
ally imjimerishing  himself,  because  life  is  wastes 

11.  Thk  Effects  of  Hunger — In  a  future  cb^ter 
we  Hhall  inquire  minutely  into  the  structure  and  tarn- 
position  of  the  Blond  ;  for  the  present,  it  must  snffioe 
to  say  that  the  Blood  cu^ 

ries  in  its  current  certuu 
bodies  called  blood-discs, 
which  perform  the  diief 
part  in  nutrition.  3^^ 
are  of  two  kinda,  the  red 
and  the  colourless.  H«m 
is  the  Sgure  of  the  red 
discs,  as  seen  under  the 
ULooD-niic*.  microscope. 

If  we  exaniiiie  the  blood  of  a  starving  man,  we  shaQ 
find  ita  elementary  composition  to  be  precisely  similar 
to  that  of  the  same  man  in  his  healthy  state,  bnt  tie 
proportiona  of  that  composition  will  be  greatly  altered; 
tho  discH — which  have  been  denominated  the  nutritive 
Bolida  of  the  blood — are  much  diminished  in  quantity, 
and  all  ita  inorganic  constituents,  which  are  the  pro- 
ducts of  destroyed  tissues,  are  much  increased.  In 
fact,  these  inorganic  products,  like  the  pawn-tickets 
found  in  the  spendthrift's  desk,  are  significant  of  tha- 
extrayagance  and  the  poverty  which  point  to  ruin. 


STARVATIOK. 


^H    We  cannot  say  [tow  long  such  a  spendthrift  life  may 

Hftontinue,  becaoBe  Time  has  no  definite  relation  to  the 

r     phenomena  of  starvation ;  these  phenomena  depend  on 

certain  specific  changes  going  on  in  the  body,  which 

may  occur  with  indefinite  rapidity.     Within  the  same 

jeriod  of  time  the  whole  cycle  of  ckarige  necessary  for 

Estraction  may  have  completed  itself,  or  only  a  few 

\f  the  stages  in  this  cycle  may  have  been  gone  through : 

[  man  under  certain  conditions  will  not  survive  sLe 

lays'  fasting,  and  under  other  conditions  he  will  sur- 

wve  six  weeks'. 

But  if  we  cannot  with  any  precision  say  how  long 
itarvation  will  be  in  effecting  its  fatal  end,  we  can  say 
\ov}  much  waste  is  fatal.  From  the  celebrated  esperi- 
inents  of  Chossat  on  Inanition,*  it  appears  that  death 
arrives  whenever  the  waste  reaches  an  average  propor- 
tion of  two-fifths.  That  is  to  say,  supposing  an  animal 
to  weigh  100  lb.,  it  will  succumb  when  its  weight  is 
;ed  to  60  lb.  life  may  of  course  cease  before 
tiiat  point  is  reached,  but  cannot,  in  ordinary  circnm- 
Ktancea,  be  prolonged  after  it. 

The  average  loss  which  can  be  sustained  is  40  per 
cent ;  sometimes  the  loss  is  greater,  especially  if  the 
animal  be  very  fat :  thus  in  the  Transactions  of  the 
tinncean  Society,  a  case  is  reported  of  a  fat  pig  which 
pas  buried  under  thirty  feet  of  chalk  for  one  hundred 
nd  sixty  days ;  his  weight  fell  in  that  period  no  less 
ban  75  per  cent.  Curiously  enough,  as  an  illustration 
E  what  was  just  said  respecting  Time  not  being  an 

*  ChoBSAt:  Itecherchti  ExpirimeHtailintr  rinanHton.     1S43. 


index  of  the  amount  of  change,  fishes  and  rept 
were  found  by  Chossat  to  perish  at  precisely  I 
same  limit  of  weight  as  that  at  'n'hich  warm-blo 
anjiYntl-s  perished,  but  they  required  a  period  three-a 
twenty  timea  as  long  to  reach  it  in :  thus  if  the  e 
ment  be  performed  of  starving  a  bird  and  a  frog  dm 
the  warm  weather,  although  both  will  perish  when  tJ 
loss  of  weight  reaches  40  per  cent,  the  one  -mil  ] 
survive  a  week,  the  other  will  survive  three-and-fr 
weeks. 

It  appears  from  Chosaat's  observations  that  the  a 
mal  body  daily  wastes  one  twenty-fourth  of  its  ( 
tire  weight ;  and  this  accords  very  closely  with  1 
experiments  of  Bidder  and  Schmidt,  which  show  tl 
the  animal  requires  at  least  one  twenty-third  c 
entire  weight  in  daily  assimilable  food,  otherwise  i 
will  loae  in  substanca* 


III.  Peolonqed  Fasting. — Having  clearly  ] 
these  principles,  we  may  proceed  to  consider  the  n 
remarkable  cases  of  prolonjed  fasting  which  a 
the  credulily  of  the  public,  and  which  find  a  place  e- 
in  very  grave  treatises,  as  well  as  in  the  less  c 
columns  of  newspapers.  Are  we  to  believe  these  i 
vels,  or  reject  them  ?  and  on  what  grounds 
justified  in  rejecting  them  ?  Such  questions  thi 
will  frequently  be  called  upon  to  answer ;  and  i 
contribution  towards  the  formation  of  a  definite  i 
philosophical  judgment,  here  are  some  of  the  : 
'  BmiiEBfl.  ScHHUiI:  Die  Vsrdanvngaaiflttiiid dtr Slofficecliitl,l 


Sttikitig  cases  on  record,  and  the  physiological  pria- 
^plea  implied  ia  them. 

The  human  body  ia  in  many  respects  so  different 
a  that  of  animals,  especially  in  its  complexity,  that 
We  can  draw  no  Teiy  accurate  conclusion  from  iJieir 
i  enduring  abstinence  ;  but  after  all,  the  dif- 
j  will  only  be  differences  of  degree,  and  the 
i  physiological  laws  must  regulate  both,  so  that 
e  may  be  certain  of  the  effect  of  abstinence  on  man 
lot  being  essevilaUy  dissimilar  to  that  on  all  other 
Farm- blooded  animala. 

Let  ns  therefore  first  see  how  the  case  stands  with 
mimals.     The  experiments  of  Pommer  establish  that 
oivorous  animals  resist  starvation  longer  than  the 
herbivorous ;  birds  of  prey  longer  than  birds  feeding 
on  seeds  and  fruits. 

I  thhdt  we  might  a  priori  have  deduced  this  con- 
clusion from  the  known  differences  in  the  intervals  of 
urring  Hunger,  and  in  the  different  quantities  of 
d  eaten  by  the  two  classes.    The  carnivorous  animal 
s  voraciously  when  food  is  within  reach,  but  having 
latisfied  his  appetite,  he  remaina  several  hours  before 
I  feeling  hungry ;  and  in  a  state  of  nature  the 
Intervals  between  his  meals  are  necessarily  variable, 
md  often  much  prolonged,  because  his  food  is  neither 
d>undant  nor  easy  of  access.     The  herbivorous  animal, 
,  the  other  hand,  has  his  food  constantly  within 
aeh,  and  is  almost  always  eating,  because  an  enor- 
)ioas  amount  of  vegetable  food  ia  needed  to  fomish 
I  with  sustenance.     The  lion,  or  the  cat,  becomes 


inared  to  long  abstinenee ;  the  rabbit  op  the 
scarcely  kiiowa  the  feeling.  It  is  clear,  therefore, 
the  one  will  better  endure  long  fasting  than  the  ol 

Chossftt'a  experimeuta  on  eight-and -forty  birds 
animals,  show  that  the  average  duration  of  lii 
cecded  nine  days  and  a  half — the  maximum 
twenty  dujs  and  a  half,  the  minimum  a  little 
than  two  days. 

The  young  always  die  first,  the  adult  before 
aged ;  this  is  true  of  men  as  of  animals. 

Some  of  the  simpler  animals  exhibit  remarkal 
powers  of  endurance.     Latreille  pinned  a  spider  toj 
cork,  and  after  four  months  found  it  stOl  alive, 
kept  a  stag-beetle  three  years  in  a  box  without 
and  at  the  end  of  that  period  it  flew  away, 
rulates  that  a  scorpion  not  only  survived  the  vo; 
from  Africa  to  Holland,  but  continued  without  foi 
nine  months  afterwards.    Kondelet  kept  a  {ish 
years  without  food,  and  Rndolplii  a  Proteus  aitguii 
five  years !     Snakes,  we  know,  live  for  many  monl 
without  eating ;  and  Eedi  found  that  a  seal  lived, 
of  water  and  without  food,  four  weeks. 

In  all  these  cases,  except  that  of  the  fish  kqit 
Rondelet,  the  animals  were  quiescent,  and  did  not' 
their  substance  by  the  ordinary  activities ;   and 
regard  to  the  fish,  some  doubts  may  be  enterti 
whether  it  did  not  find  worms  and  larvie  in  the 

Passing  from  animals  to  man,  we  find  that 
arrives  on  the  fifth  or  sixth  day  of  total  abstinenoe 
food  and  drink.  But  this  is  a  general  statement  to 
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jioos  exceptions  may  be  named.  Mucli  depends  on 
Sie  peoiliar  constitution  of  the  individual,  his  age, 
alth,  and  other  conditions.  Some  die  on  the  second 
md  third  days ;  others  survive  till  the  tenth,  eleventh, 
md  even  sixteenth  days.  Again,  considerable  dif- 
iarences  will  result  from  the  different  situations  in 
iiich  the  men  are  placed — such  as  those  of  quiescence 
r  activity,  of  temperature,  moisture,  &c. 
The  examples  of  protracted  fasting  recorded  are,  as 
,  deficient  for  the  most  part  in  that  rigorous 
authenticity  which  is  demanded  by  science ;  many  of 
them  are  obviously  fabulous  exaggerations.  M,  B^rard 
has  borrowed  the  following  from  Haller,  adding  some 
Bases  which  came  under  his  own  knowledge.  I  give 
^em  as  specimens — not  as  data. 

"  A  young  girl,  ashamed  to  confess  her  poverty,  went 
without  food  for  seventy-eight  days,  during  which  she 
only  sucked  lemons. 

"  Another  woman  of  the  same  place  remained  four 
nouths  without  food,  and  another  fasted  a  whole  yeaj. 
"  Haller  reports  two  other  cases  of  fasting  for  three 
md  four  years. 

"  Mackenzie  reports  in  the  Philosophical  Transac- 
tions the  stoiy  of  a  young  girl  who  had  lockjaw  for 
■eighteen  years,  and  had  taken  no  food  during  four  years. 
"  A  Scotchwoman  is  reported  in  the  Philosophical 
3'ransa^tions,  vol.  Ixvii,  to  have  lived  eight  years 
ttdtbout  taking  anything  except  a  little  water  on  one 
ttr  two  occasions. 

"  A  case  of  fasting  for  ten  years  is  celebrated  in 


The  iuupidos:  s  tm^  if  -as:  imoc  cxcaormxaEnr  if^ 
the  cases  wiiiisL  art  j^ombusc.  t>r  -maasm  'wnsssh  "waA, 
coKifidsDKL  -Jsiisi  M'XeDC.  s&er  ^niBaiK'.  ami 
iCBizDBd  frs^  yess  on  10bL  mSdnm  ^imhinp.  md 
eeroi^ix^d  anhr  iir  confiEzaiiii.  Ai  [ffingsii  m^  m- 
rtiiuinhiy  Tsfrasd  jlH  £3ssibiic&,  issr  jbife  iKoaiKr 
kx^BO,  s&d  in  jossizgimsf  is  &rBe  -Asbl  vpsL  Trnv  f£ 
ber  i£ei^'ver&  JBTfar.  A  snaill  gnaca^  of  ligmc 
VIS  isnxDdiioBd  1)t  ibs:  KSKsaaofL.  muf:  of  ^loomi  mt 

<»  hsr  IffesuL  In  idas  a^ Jnni^  aaat:  dife  enpaingc 
foor  T€az£,  viiiKiat  bsr  xeiaiTOS  leii^  svvk  cf  kr 
reeeivii;^  jamra&iieBX  cxb^  m  £iaae  iiafier :  tmt  after 


a  KAger  iiasrru  sbe  xeviPEsdL  aAweaassx,  ul 

of  bread  intkanlk,  cr -vaaer  BndBsd  froEi  her  iou. 

is  olkd  to  the  tvofHEE  «f  ^aie^'s  BEJ^oci 


caaeto  be  trot,  they  iMiyrfiTJTafcet  the  qBeaaca,  la 
a  sUie  cf  soch  qoiesoe&ee  as  is  hepe  im^Std^  die  vaste 
of  thebodrirodd  be  zedaoEd  to  a  miwiwrmfy*  eosK^ 
qwntfytheiieEdof  focd  voaUbeiiiiaiBsefl  Xercf- 
theieBB,  in  the  preBent  state  of  Fhj^fikgr,  I  thiiik  v> 
are  justified  in  aaaening  thai  sane  dee^ci'jsi  o?  exag- 
goatkn,  not  nov  ueertaraUe,  is  ai  the  b^ctom  of 
this  as  of  aU  similar  eases :  aod  iiniil  a  case  ftee  frciL 
aH  sn^aoon  shall  hare  been  prodosei  fat  tihe  «22i^ae- 
tkinof  Sdence,  wearebcxaid  to  deajthe  pniittHHiT 
of  such  stories ;  snce  ibsi  winA  aH  oor  lobfsmi&igt 
shows  to  be  in  itself  eontadietoiy,  nmst  iiecessanlT  Lsrie 
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the  Iiighest  improbability,  and  can  only  be  accepted  oj 
the  moat  rigorous  evidence.  Either  we  must  give  up  o 
Physiology  altogether,  or  we  must  reject  these  stori< 

For  observe,  on  the  one  hand,  several  of  the  report 
cases  of  long  fasting  have  been  subsequently  ] 
to  be  impostures,  and  this  naturally  throvi's  a  snspidi 
over  all  similar  cases.     On  the  other  hand,  physioloj 
cal  laws,  established  by  induction  from  thousands  < 
facts  tested  by  every  variety  of  method,  pronounol 
these  cases  to  be  not  possible  ;  and  we  are  called  iip( 
to  decide  whether  it  is  more  probable  that  these  iadm 
tions  should  be  wrong,  or  tiiat  some  imposture  < 
exaggeration  should  lie  at  the  bottom  of  the  nurate 
marvels.     There  cannot  be  a  moment's  hesitation  a 
to  which  alternative  wc  must  accept ;  but  the  i 
will  naturally  desire  a  clear  conception  of  the  phyaioltrf 
gical  contradictions  which  I  have  asserted  to  be  implit 
in  these  marvellous  narratives^ — the  more  so  aa  maii]| 
professed  physiologists  do  not  seem  to  be  fully  aw 
of  them. 

Supposing  the  waste  of  the  body  to  be  reduced  t 
a  minimum  by  the  perfect  quiescence  in  which  t 
patients  remained,  we  must  still  bear  in  mind  that  t! 
diminution  is  not  total  arrest  of  waste.  The  patJa 
scarcely  moves,  seldom  speaks,  and  sleeps  much.  Vei 
little  destruction  of  tissue  will  take  place,  com 
with  the  amount  destroyed  by  the  same  person  in  o 
nary  activity,  and  very  little  food  will  be  needed  ' 
repair  such  waste  ;  but  althotigh  comparattvelff  s 
the  amount  of  waste  will  be  absoliitel^/  large ;  weW 
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h  degree  iif  Imnmilin  iirriiitiiiirtl  dnin^  aperiod 
f  Eonr  yem^  soldf  by  the  camb«stM»  of  die  bodj  Hsi^ 
»  riun  see  at  once  dut  it  is  uttet^  im^otnUe  xKy   < 
1,  during  so  lone  i  pciiod,  could  snstiiii  sack  \ 
t  repslz. 

I  Here,  theD,  U  the  dilemma :  either  Jutet  S['Leod 

[  maintaitL  the  ordiiuT;  temperatare  of  the  body 

g  th(9G  kmi  yean,  in  iriiitii  ease  she  most  hi 

re  tisBoe  to  produce  that  beat  than  the  1 
f  coold  lose  without  eessatkm  of  life ;  or*  she  <fid 
not  maintiun  the  oidinaiy  tempaatare,  in  nhidi  c 
^8  vonid  have  died  ftt>m  the  Tciy  want  of  this  a 
mal  heat,  dnce  all  oi^anlsms  perish  wbai  their  nonnal 
mperatore  is  considerably  lowered. 
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Let  US  now  consider  the  second  source  of  waste.  Janet 
breathed  during  these  four  years  ;  gently,  we  may  sup- 
pose, and  with  no  deep  inspirations,  yet  constantly. 
day  and  night  without  intcrruptloa  Kow,  what  does 
this  breathing  depend  on  ?  It  depends  on  the  constaut 
interchange  between  carbonic  acid  in  the  blood,  and 
oxygen  in  the  air.  Unless  there  were  carbonic  acid  in 
the  blood,  no  exchange  could  take  place,  no  breath- 
ing could  be  effected,*  Every  moment,  therefore,  some 
small  portion  of  carbonic  acid  must  be  separated  from 
the  blood,  and  replaced  by  oxygen.  Whence  came  this 
carbonic  acid  f  From  destruction  of  tissue.  Directly. 
or  indirectly,  carbonic  acid  was  produced  in  the  act 
of  waste.  Its  pi'csence  implies  waste,  and  the  act  of 
breathing  implies  a  continuous  supply  of  such  waste. 

That  this  ia  no  hypothesis,  bat  the  simple  expres- 
sion of  the  facts,  every  physiologist  knows.  It  may  be 
rendered  generally  intelligible  by  referring  to  what  is 
observed  with  the  hybemating  animals.  The  dormouse 
beg^s  its  winter  sleep  well  clothed  with  fat.  It  never 
moves  for  months ;  its  respiration  is  slow  and  feeble, 
but  it  does  breathe,  and  the  waste  of  its  tissues  which 
this  breathing  causes  is  very  noticeable  at  the  close  of 
winter.  Now,  if  we  suppose  Janet  to  have  been  in  a 
state  of  "suspended  vitality"  analogous  to  that  of  the 
dormouse,  we  shall  still  have  to  admit  that  her  breath- 
ing alone  would  gradually  waste  her  substance ;  andj 
however  slow  that  waste  may  be  supposed,  it  cannot  ham\ 

•  This  will  bo  shown  farther  on  in  tlio  Chaptor  on  EEaPlHiTtOM 
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been  aiicli  that  fonr  years  wonld  not  have  esbansted 
the  whole  amoant  of  avaihible  niateriaL  Every  time 
she  moved  in  bed,  ereiy  time  she  epoke,  erety  time 
she  raised  her  band,  the  rate  of  waste  woold  be  ac- 
celerated. 

It  is  found  that  a  slug  kept  withont  food  loses  oae- 
eleventh  of  its  weight  in  six  weeks.  We  cannot  admit 
that,  even  in  a  bedridden  girl,  the  vital  activity  would 
be  slower  than  in  a  sing ;  and  we  know  fii'om  Cbossat's 
experiments  that  the  loss  of  two-fifths  of  their  weight 
destroys  all  animals. 

From  these  general  considerations,  which  might  be 
multiplied,  I  affirm  that,  unless  all  Physiology  is  a  delu- 
sion, the  marvellous  stories  of  four  years'  fasting,  and 
the  like,  are  impostmres ;  and  this  a^rmation  is  strength- 
ened  by  all  the  eases  in  which  the  motive  and  posability 
of  decepfcioii  are  eliminated.  Thus  when  men  have 
voluntarily  starved  themselves  to  death,  they  have  never 
survived  three  months.  Graiu^,  who  murdered  his 
wife,  starved  himself  in  the  prison  of  Tonlonse,  and 
expired  on  the  sixty-third  day,  during  which  time  he 
drank  water,  and  occasioually  ate  a  littla  The  reli- 
gious enthusiast,  whom  Dr  Willan  refers  to,  lived 
only  two  months,  ^though  he  occasionally  sacked  an 
orange. 

These  men  only  $nrvived  thus  long,  because  in  ab- 
sttuoing  from  sohd  food,  they  did  not  also  abstain  &om 
liquid.  Life  is  considerably  prolonged  if  hquid  be 
taken.  Redi  found  that  birds  kept  witbont  water  as 
well  as  food  lived  only  nine  daye ;  those  to  whom  he 


gave  water  lived  twenty  days*  I  canuot,  boveroE 
agree  with  those  physiologists  who,  like  Burdadi  s 
B<?ra,rd,  attribute  this  sustaining  power  of  water  to  i 
organic  particles  suspended  in  it,  because  such  i 
amount  must  necessarily  be  quite  inadequate  to  t 
ply  the  loss  of  an  orgauisin  whose  waste  is  rapid ; 
we  must  remember  that  an  animal  dies  of  Thirst  c 
more  rapidly  than  of  Hunger  ;  so  that  when  water  b 
withheld,  the  death  is  hastened  by  the  coraphcation  offl 
two  causes.  Now  Janet  M'Leod,  and  other  persoDsJ 
said  to  have  lived  without  food  or  drink,  were  undet^l 
the  pressure  of  these  two  causes,  and  sustained  tbatl 
pressure,  we  are  told,  four  years  ! 

We  are  thus  forced  to  reject  aU  narratives  of  aha 
lute  fasting  prolonged  over  three  months. 

Having  considered  the  effects  of  total  abstinence,  n 
may  now  inquire  into  the  effects  of  partial  abstinence. 

An  animal  deprived  of  food  perishes  whenever  i 
loss  of  weight  reaches  a  certain  point ;  and,  cnrionsljrt 
enough,  i'nsvffi.cie7icy  of  food  causes  death  at  predsel]^ 
the  same  point  as  total  want  of  food,  t.  e.  as  s 
the  original  weight  is  reduced  to  six-tenths, 
therefore,  reduced  to  an  insufficient  allowance,  wheth 
from  famine,  shipwreck,  or  siege,  will  inevitably  p 
unless  the  allowance  be  increased ;  it  will  be  as  if  they^ 
had  received  no  food  at  all,  only  they  vrill  be  longer! 
before  they  succumb.  An  important  lesson  is  con-j 
tained  in  this  fact,  and  one  which  should  never  bel 


*  Bbdi  :  Oiiervasioni 
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forgotten  ia  the  management  of  prisons,  schools,  or 
wotkhouses. 

rV.  Aspects  op  Start atioh. — Terrible  are  the  as- 
pects of  starving  men ;  and  it  is  weU  that  we  should 
know  these  aspects,  lest  we  be  the  dupes  of  impostors, 
or  confound  the  truly  wretched  with  the  professional 
mendicant.  The  first  noticeable  point  ia  the  excessive 
thinness  of  starving  men,  which  is  not  the  leanness  of 
lean  men,  but  manifests  itself  as  unmistakable  emacia- 
tion The  face  is  always  lividly  pale,  the  cheeks  aje 
sunken,  the  eyes— what  an  expression  in  the  eyes ! 
never  to  be  forgotten  by  those  who  have  once  seen  it : 
all  the  vitality  of  the  body  seems  centred  there,  In  fever- 
ish brightness ;  the  pnpU  ia  dilated,  and  the  eye  is  fixed 
in  a  wild  stare,  which  is  never  veiled  by  the  winking 
lids.  All  movements  of  the  body  are  slow  and  difficult: 
the  hand  trembles ;  the  voice  is  feeble ;  intelligence 
seems  gone ;  the  wretched  sufferers,  when  asked  what 
they  feel,  have  but  one  answer,  "We  are  hungry." 

There  is  one  remarkable  fact  with  reference  to  starva- 
tion which  may  here  be  noted,  and  that  is  the  resist- 
ance opposed  by  the  nervous  substance  to  the  effects 
of  emaciation.  Instead  of  being  the  first  to  suffer  from 
deficient  food,  as  its  complexity  and  the  lateness  of 
its  appearance  in  the  animal  series  would  lead  us  to 
suppose,  the  nervous  tissue  is  the  last  to  be  affected 
From  the  experiments  of  CLossat  we  learn  that,  in 
every  100  parts  of  each  of  the  following  substances, 
93  are  lost  of  the  fat,   52  of  the  liver.  42  of  the 
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niusclea,  16  of  the  bones,  and  only  2  of  tbe  nerve-sutf 
stance,  by  the  time  starvation  has  terminated  in  deattL.-! 
The  idea  of  our  solid  bones,  principally  composed  o 
inorganic  matter,  losing  eight  times  as  much  as  om 
semi-liquid  nerves,  which  are  so  predominantly  orga 
in  their  Btracture,  will  seem  very  paradoxical ;  and  th^ 
paradox  is  increased  when  we  leam  that,  in  spite  o 
fat  being  beyond  all  proportion  the  most  destructible 
tissue  in  the  body.  Von  Bibra  finds  tbe  fat  in  the  bra 
scarcely  affected  in  starvation,  although  the  fat  in  1 
muscles  has  been  greatly  wasted* 

It  is  this  which  enables  na  hypothetically  to  expla 
the  sleeplessness  of  men  and  animals  suffering  &onj 
hunger.     A  starving  man  has  been  known  to  i 
seven  days  and  nights  without  sleep.   This  nervous  e 
citability,  which  often  manifests  itself  as  delirium,  pro 
bably  arises  from  the  disengagement  of  the  brain  from 
those  organic  activities  which  in  the  normal  state  call  si 
largely  on  its  energies  ;  for  the  energies  of  the  brain  a 
not  expended  only  on  intelligence  and  emotion,  but  lik<l 
wise,  and  to  a  great  extent,  on  the  functions  < 
tion  and  locomotion.     Considering  the  nervous  syste 
as  a  centre  or  fountain  of  influence,  we  may  detect  t] 
streams  in  which  the  influence  flows — a  nutritive  stte 
a  locomotive  stream,  and  a  sensitive  stream.     If  t 
demand  from  the  nutritive  stream  be  large,  the  suppH 
to  the  sensitive  and  locomotive  streams  will  be  propoi 
tionately  reduced.     Deep  thought,  or  anxiety,  distnTd 
the  Ingestion  and  circulation ;  violent  and  protracta 
*  CAKBun:  Jairetterickt,  lS5i,  p.  119, 
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amonnting  to  fatigue,  incapacitates  for  think- 
ing ;  the  habitually  trained  athlete  is  nearly  an  idiot, 
the  over-eater  little  better.  When,  therefore,  a  man 
is  starving,  the  amount  of  nervous  activity  usually  ex- 
pended on  his  nutritive  system  is  disengaged ;  and  as 
his  feebleness  diminishes  his  muscular  activity,  the 
amount  of  nervous  iufluence  usually  expended  on  loco- 
emotion  is  reduced,  leaving  the  bram,  with  all  this  sur- 
.plu3  activity,  to  prey  upon  itself;  sleeplessness  and 
madness  naturally  result  &om  tMs  over-exdtemsnt 

V.  Agonies  of  Staevatiof. — Eespecting  the  agon- 
ies endured  by  starving  men,  we  have  little  accurate 
infoiTuation.  When  those  who  have  undergone  the 
horrors  of  starvation  are  preaerved,  and  attempt  to 
recount  them,  they  cannot  do  more  than  give  vague 
indications ;  for  there  is  nothing  more  difficult  to  de- 
scribe than  the  sensations  of  the  digestive  organs,  even 
during  the  continuance  of  the  sensation ;  and  how 
difficult  it  is  to  describe  them  when  past,  may  be  con- 
ceived by  any  one  who  attempts  to  do  so  in  his  own 
case.  Most  of  the  narratives  we  have  are  recorded  by 
men  little  accustomed  to  analyse  their  sensations,  and 
we  must  be  content  to  fix  our  attention  on  the  general 
characteristics  of  these  narratives.  From  these  cases 
two  may  be  selected 

Gioldamith  says  that  the  captain  of  a  wrecked  vessel 
told  him  that  "  he  was  the  only  person  who  hod  not 
lost  his  senses  when  they  received  accidental  relie£ 
He  assured  me  his  pains  at  first  were  so  great  that 
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he  was  often  tempted  to  eat  a  part  of  the  men  -whi 
died,  and  which  the  rest  of  his  crew  actualJy  lived  upoi 
He  said  that,  daring  the  continuance  of  this  paroxygn^V 
he  found  his  paiua  insupportable,  and  was  desiroas  a 
one  time  of  anticipating  that  death  which  he  thoughtl 
inevitable.     But  his  pains  gradvally  ceased  o/iepfl 
the  sixth  day  (for  they  had  water  in  the  ship,  whicl 
kept  them  alive  so  long),  and  then  he  was  in  a  t 
rather  of  languor  than  desire  ;  nor  did  he  much  v 
for  food  except  when  he  saw  others  eating.    The  h 
part  of  the  time,  when  his  health  was  almost  dcstroyi 
thousand  strange  images  rose  upon  his  mind,  and  e 
one  of  his  senses  began  to  bring  bim  wrong  infon 
tion.    When  he  was  presented  with  food  by  the  8 
company  that  took  him  up,  he  could  not  help  loc 
at  it  with  loathing  instead  of  desire ;  and  it  was  not 
till  after  four  days  that  his  stomach  was  brought  to  Its 
natural  tone,  when  the  violence  of  his  appetite  returned 
with  a  sort  of  canine  eagerness."* 

It  will  doubtless  seem  very  strange  to  the  uninitiated 
that  a  man  after  prolonged  fasting,  when  his  system  is 
in  such  need  of  food  and  his  appetite  so  keen,  should 
be  nevertheless  in  no  proper  condition  to  eat  that  food, 
and  can  only  arrive  at  the  proper  condition  by  degree^ 
by  eating  a  little  at  a  tinae.  The  fact  is,  however,  thal^ 
like  all  other  organs,  the  stomach  sufi'ers  for  want  t 
regular  work.  In  fasting,  the  glands  no  longer  secrete  J 
the  blood  quits  the  stomach ;  the  regular  activity  i 
■  interrupted ;   and  whea  food  again    calls  upon   th^ 

*  History  iff  the  Earth,  ii.  126. 
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stomach  to  do  its  old  work,  there  is  not  the  old 
vigour  at  commaud.  Gradually  the  stimulus  of  food 
lecalls  the  vigour  of  the  secretbg  glands,  and  then 
ippetite  may  be  safely  indulged. 

The  next  case  is  peculiarly  valuable,  as  being -the 
daily  record  of  a  man  who  voluntarily  starved  himseli 
He  was  a  merchant,  whose  losses  so  preyed  upon  his 
nind  that  he  resolved  on  suicide ;  and  after  roaming 
ibout  the  country  from  the  12th  to  the  15th  of  Sep- 
tember 1818,  he  dug  himself  a  grave  in  the  wood, 
and  remained  there  tiU  the  3d  of  October,  when 
he  was  found,  stUl  living,  by  an  innkeeper.     Hufe- 

Ld,  who  records  the  case,  says  that,  after  an  ab- 
stinence of  eighteen  days,  the  man  still  breathed, 
but  expired  immediately  after  a  little  soup  had  been 
forced  down  his  throat.  On  his  person  they  found  a 
diary,  written  in  pencil,  from  which  the  following  are 
extracts ; — 

Sept.  16. — The  generous  philanthropist  who  may 
find  my  corpse  is  requested  to  bury  it,  and  to  repay 
himself  for  the  trouble  by  my  clothes,  my  purse,  my 
pocket-book,  and  knife.  I  have  not  committed  suici 
but  I  die  of  starvation  because  bad  men  have  deprived  ^ 
me  of  my  fortxme,  and  I  do  not  choose  to  be  a  burden 
on  my  friends.  It  is  unnecessary  to  open  my  body, 
since  I  have  said  I  die  of  starvation. 

"  Sep*.  17.— What  a  night  I  have  passed  I  It  has 
rained ;  I  am  wet  through.     I  have  been  so  cold 

Sept.  1& — The  cold  and  rain  forced  me  to  get  np 
lUd  walk  ;  my  walk  was  very  feeble.     Thirst  made  me 
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he  was  often  tempted  to  eat  a  part  of  the  u 
died,  and  which  the  rest  of  his  crew  actually  lived  apoitf 
He  said  that,  during  the  continuance  of  this  par 
he  found  his  pains  insupportable,  and  was  desirous  a 
one  time  of  anticipating  that  death  which  he  thoiightl 
inevitable.     But  his  pains  gradually  ceased   afi. 
t}ie  sixth  day  (for  they  had  water  iu  the  ship,  wMcb  1 
kept  them  alive  so  long),  and  then  he  was  in  a  state 
rather  of  languor  than  desire  ;  nor  did  he  much  wish   ' 
for  food  except  when  he  saw  others  eating.    The  latte 
part  of  the  time,  when  Ms  health  was  almost  destroyed,  jj 
thousand  strange  imagea  rose  upon  his  mind,  and  e 
one  of  his  senses  began  to  biing  him  wrong  informs^ 
tioiL    When  he  was  presented  with  food  by  the  ship'J 
company  that  took  liim  up,  he  could  not  help  looking^ 
at  it  with  loathing  instead  of  desire ;  and  it  was  not 
till  after  four  days  that  lis  stomach  was  brought  to  its 
natural  tone,  when  the  violence  of  his  appetite  returned 
with  a  sort  of  canine  eagerness."* 

It  will  doubtless  seem  very  strange  to  the  nnimtiated 
that  a  man  after  prolonged  fasting,  when  his  system  is 
in  such  need  of  food  and  his  appetite  so  keen,  should 
be  nevertheless  in  no  proper  condition  to  eat  that  food, 
and  can  only  arrive  at  the  proper  condition  by  degrees, 
by  eating  a  little  at  a  time.  The  fact  is,  however,  that, 
like  all  other  organs,  the  stomach  suffers  for  want  of 
regular  work.  In  fasting,  the  glands  no  longer  secrete  ; 
the  blood  quits  the  stomach ;  the  regular  activity  ie 
interrupted ;   and  when  food  again    caUs   upon   the 
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tomach  to  do  its  old  work,  there  is  not  the  old 
vigour  at  command.  Gradually  the  stimulus  of  food 
recalls  the  vigour  of  the  secreting  glands,  and  then 
appetite  may  be  safely  indulged. 

The  next  ease  ia  peculiarly  valuable^  as  being  .the 
daily  record  of  a  man  who  volantarily  starved  himself. 
■He  was  a  merchant,  whose  losses  so  preyed  upon  hia 
mind  that  he  resolved  on  suicide ;  and  after  roaming 
about  the  country  from  the  12th  to  the  15th  of  Sep- 
tember 1818,  he  dug  himself  a  grave  in  the  wood, 
and  remained  thei'C  till  the  3d  of  October,  when 
he  was  found,  still  living,  by  an  innkeeper.  Hufe- 
^and,  who  records  the  case,  says  that,  after  an  ab- 
e  of  eighteen  days,  the  man  still  breathed, 
bat  expired  immediately  after  a  little  soup  had  been 
forced  down  his  throat.  Oa  his  person  they  found  a 
diary,  written  in  pencil,  from  which  the  following  are 


Sept.  16. — The  generous  philanthropist  who  may 
find  my  corpse  is  requested  to  bury  it,  and  to  repay 
himself  for  the  trouble  by  my  clothes,  my  purse,  my 
pocket-book,  and  knife.  I  hare  not  committed  suicide,  ' 
but  I  die  of  starvation  because  bad  men  have  deprived 
me  of  my  fortune,  and  I  do  not  choose  to  be  a  burden 
on  my  fiienda.  It  is  unnecessary  to  open  my  body, 
Bnee  I  have  said  I  die  of  starvation. 

"  Sept  17. — What  a  night  I  have  passed  !     It  has 
gained ;  I  am  wet  through.     I  have  been  so  cold. 
"  Sept.  18. — The  cold  and  rain  forced  me  to  get  up 
id  walk ;  my  walk  was  very  feebla     Thirst  made  me 
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)  vaa  often  tempted  to  eat  a  part  of  the  men  m 
died,  and  which  the  rest  of  his  crew  actuaJly  lived  upon. 
He  said  that,  during  the  continuance  of  this  paroxysm, 
he  found  his  pains  insupportable,  and  was  dcairous  at 
one  time  of  anticipating  that  death  which  he  thought  J 
inevitable.     But  his  pains  gradually  ceased  aft 
the  sixth  day  (for  they  had  wat«r  in  the  ship,  whiohf 
kept  them  alive  so  long)^  and  then  he  was  in  a  state  I 
rather  of  languor  than  desire ;  nor  did  he  much  wisli  J 
for  food  except  when  he  saw  others  eating.    The  tatte 
part  of  the  time,  when  Ma  health  was  almost  destroyed,  a^ 
thousand  strauge  images  rose  upon  his  mind,  and  e 
one  of  his  senses  began  to  bring  him  wrong  infom 
tion.    When  he  was  presented  with  food  by  the  ah^'flj 
company  that  took  him  np,  he  could  not  help  looking" 
at  it  with  loathing  instead  of  desire ;  and  it  was  not 
till  after  four  days  that  his  stomach  was  brought  to  itit 
natural  tone,  when  the  violence  of  his  appetite  returned 
with  a  sort  of  canine  eagerness."* 

It  will  doubtless  seem  very  strange  to  the  uninitiated 
that  a  man  after  prolonged  fasting,  when  his  system  is 
in  such  need  of  food  and  his  appetite  so  keen,  should 
be  nevertheless  in  no  proper  condition  to  eat  that  food, 
and  can  only  arrive  at  the  proper  condition  by  degrees, 
by  eating  a  little  at  a  time.  The  fact  is,  however,  that, 
like  all  other  organs,  the  stomach  suffers  for  want  of 
regular  work.  In  fasting,  the  glands  no  longer  secrete ; 
the  blood  quits  the  stomach ;  the  regular  activity  is 
interrupted ;  and  when  food  again  calls  upon  the 
*  ffuioTj  oftheEanh.  U.  J26. 
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stomach  to  do  its  oid  work,  there  is  not  the  old 
vigour  at  command.  Gradually  the  stimulus  of  food 
recalls  the  vigour  of  the  secreting  glands,  and  then 
appetite  may  be  safely  indulged. 

The  next  case  is  peculiarly  valuable,  us  being  .the 
.daily  record  of  a  man  who  voluntarily  starved  himself, 
Be  was  a  merchant,  whose  losses  so  preyed  upon  his 

ind  that  he  resolved  on  suicide ;  and  after  roaming 
nbout  the  country  from  the  I2th  to  the  15th  of  Sep- 
tember 1818,  ho  dug  himself  a  grave  in  the  wood, 
uid  remained  there   till    the  3d  of  October,   when 

I  was  found,  still  living,  by  an  innkeeper.  Hiife- 
land,  who  records  the  case,  says  that,  after  an  ab- 
Btinence  of  eighteen  days,  the  muTi  still  breathed, 
but  expired  immediately  after  a.  little  soup  had  been 
forced  down  his  throat.  On  his  person  they  found  a 
diary,  written  in  pencil,  from  which  the  following  are 
extracts ; — 

"  Sept.  16. — The  generous  philanthropist  who  may 
find  my  corpse  is  requested  to  bury  it,  and  to  repay 
Hmself  for  the  trouble  by  my  clothes,  my  purse,  my 
jocket-book,  and  knife.     I  have  not  committed  suicide,  I 
rbut  I  die  of  starvation  because  bad  men  have  deprived  \ 
me  of  my  fortune,  and  I  do  not  choose  to  be  a  burden 

1  my  Mends.  It  is  unnecessary  to  open  my  body, 
nnce  I  have  said  I  die  of  starvation. 

"  Sept.  17. — What  a  night  I  have  passed  I  It  baa 
rained  ;  I  am  wet  through.     I  have  been  so  cold. 

"  Sept.  18. — The  cold  and  rain  forced  me  to  get  up 
md  walk  ;  my  walk  was  very  feeble.     Thirst  made  me 
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he  was  often  tempted  to  eat  a  part  of  the  men  uri 
died,  and  which  the  rest  of  his  crew  actually  lived  upoa 
He  said  that,  durmg  the  continuance  of  this  parozyem, 
he  found  his  pains  insupportable,  and  was  desiroiia  al 
one  time  of  anticipating  that  death  which  he  thou^ 
inevitable.  But  his  pains  gradually  ceased  afit 
the  sixth  day  (for  they  had  water  in  the  ship,  whie 
kept  them  alive  so  long),  and  then  he  was  in  a  stsl 
rather  of  languor  than  desire  ;  nor  did  he  much  yni 
for  food  except  when  he  saw  others  eating.  The  latta 
part  of  the  time,  when  his  health  was  almost  destroyed,  t 
thousand  strange  images  rose  upon  his  mind,  and  eve^ 
one  of  his  senses  began  to  bring  him  wrong  informs 
tion.  When  he  was  presented  with  food  by  the  ship! 
company  that  took  him  up,  he  could  not  help  lookin 
at  it  with  loathing  instead  of  desire;  anditwaa  od 
till  after  four  days  that  his  stomach  was  brought  to  it 
natural  tone,  when  the  violence  of  his  appetite  retuma 
with  a  sort  of  canine  eagerness."* 

It  wiU  doubtless  seem  very  strange  to  the  uninitiato 
that  a  man  after  prolonged  fasting,  when  his  system  i 
in  such  need  of  food  and  his  appetite  so  keen,  shoo^ 
be  nevertheless  in  no  p  roper  condition  to  eat  that  food 
and  can  only  arrive  at  the  proper  condition  by  degree) 
by  eating  a  little  at  a  time.  The  fact  is,  however,  thai 
like  all  other  organs,  the  stomach  suffers  for  want  J 
regular  work.  In  fasting,  the  glands  no  longer  aecrote 
the  blood  quits  the  stomach ;  the  regular  activi^ 
interrupted ;  and  when  food  again  calls  upon  t 
•  HiitOTS  iifthlEartA,  ii.  I2B. 
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bomach  to  do   its  old  work,    tJiere   ia  not  the  old 
■Tigour  at  command.     Gradually  the  stimulus  of  food 
recalls  the  vigour  of  the  secreting  glands,  and  then 
pppefcite  may  be  safely  indulged. 

The  next  case  is  peculiarly  valuable,  as  being -the 
lily  record  of  a  man  who  voluntarily  starved  himself, 
e  was  a  merchant,  whose  losses  so  preyed  upon  his 
ttind  that  he  resolved  on  suicide ;  and  after  i-oaming 
bbout  the  coantry  from  the  12th  to  the  15th  of  Sep- 
tember 1818,  he  dug  himself  a  grave  in  the  wood, 
md  remained  there   tiU    the  3d   of  October,   when 
^G  was  found,  still  living,  by  an  innkeeper.     Hufe- 
ind,  who  records  the  case,  says  that,  after  an  ab- 
stinence of  eighteen   days,  the   man   still  breathed, 
fbat  expired  immediately  after  a  little  soup  had  been 
forced  down  his  throat.     On  Ms  person  they  found  a 
diary,  written  in  pencil,  from  which  the  following  aie 
I  extracts ; — 

"Sept.  16. — The  generous  philanthropist  who  may 

ind  my  corpse  is  requested  to  bury  it,  and  to  repay 

mself  for  the  trouble  by  my  clothes,  nay  purse,  my 

■pocket-book,  and  knife.     I  have  not  committed  auicid^  J 

Kbut  I  die  of  starvation  because  bad  men  have  deprived 

■me  of  my  fortune,  and  I  do  not  choose  to  be  a  burden 

Lon  my  friends.     It  is  unnecessary  to  open  my  body, 

ince  I  have  said  I  die  of  starvation, 

ot.  17. — What  a  night  I  have  passed  !     It  has 
rained ;  I  am  wet  through.     I  have  been  so  cold. 

i.  18.- — The  cold  and  rain  forced  me  to  get  up 
md  walk ;  my  walk  was  very  feeble.     Thirst  made  me 


ai 


mnroEB  iso  thibst. 


he  was  often  tempted  to  eat  a  part  of  the  men  who 
died,  and  which  the  rest  of  his  crew  actually  lived  apoa 
He  said  tliat,  duriDg  the  continuance  of  this  paroxysm, 
he  found  his  pains  insupportable,  and  was  desirous  at 
one  time  of  anticipating  that  death  which  he  thought  J 
inevitable.     But  his  pains  gradually  ceased   ajiart 
the  sixth  day  (for  they  had  water  in  the  ship,  wlucl 
kept  them  alive  so  long)^  and  then  he  was  in  a  statf 
rather  of  languor  than  desire ;  nor  did  he  much  t 
for  food  except  when  he  saw  others  eating.    The  latb 
part  of  the  time,  when  Ma  health  was  almost  destroyed,  tj 
thousand  strange  images  rose  upon  his  mind,  and  ever 
one  of  his  senses  began  to  bring  him  wrong  infom 
tion.    When  he  was  presented  with  food  by  the  ship'dl 
company  that  took  him  np,  he  could  not  help  looking 
at  it  with  loathing  instead  of  desire ;  and  it  was  i 
till  after  four  days  that  Lis  stomach  was  brought  to  itif 
natural  tone,  when  the  violence  of  his  appetite  returned 
with  a  sort  of  canine  eagerness."* 

It  will  doubtless  seem  very  strange  to  the  nninitiate 
that  a  man  after  prolonged  fasting,  when  his  system  ii 
in  such  need  of  food  and  his  appetite  so  keen,  shouldfl 
be  nevertheless  in  no  proper  condition  to  eat  that  food,^ 
and  can  only  arrive  at  the  proper  condition  by  degree^f 
by  eating  a  little  at  a  time.     The  fact  is,  however,  thau^ 
like  all  other  organs,  the  stomach  suffers  for  want  { 
regular  work.    In  fasting,  the  glands  no  longer  secrete  d 
the  blood  quits  the  stomach ;  the  regular  activity  i 
interrupted ;   and  when  food  again   calls  upon   thai 
•  Biitors  lyfthtEarth.  ii.  126. 
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Btomacb  to  do  its  old  work,  there  is  not  the  old 
Tigour  at  command.  Gradually  the  atimuias  of  food 
recalls  the  vigour  of  the  secreting  glands,  and  then 
jappetite  may  be  safely  indulged. 

The  next  case  is  peculiarly  valuable,  as  being -the 
daily  record  of  a  man  who  voluntarily  starved  himself, 
iHe  was  a  merchant,  whose  losses  so  preyed  upon  his 
mind  that  he  resolved  on  suicide  ;  and  after  roaming 
about  the  country  from  the  12th  to  the  loth  of  Sep- 
tember 1818,  lie  dug  himself  a  grave  in  the  wood, 
and  remained  there  till  the  3d  of  October,  when 
was  found,  atill  living,  by  an  innkeeper.  Hufe- 
land,  who  records  the  case,  says  that,  after  an  ab- 
Btinence  of  eighteen  days,  the  man  still  breathed, 
but  expired  immediately  after  a  little  soup  had  been 
forced  down  his  throat.  On  bia  person  they  found  a 
diary,  written  in  pencil,  from  which  the  following  are 
extracts : — 

"Sept  16, — The  generous  philanthropist tHio  may 
find  ray  corpse  is  requested  to  bury  it,  and  to  repay 
himself  for  the  trouble  by  my  clothes,  my  purse,  my 
pocket-book,  and  knife.  I  have  not  committed  suicide, 
but  I  die  of  starvation  because  bad  men  have  deprived 
me  of  my  fortune,  and  I  do  not  choose  to  be  a  burden 
on  my  friends.  It  is  unnecessary  to  open  my  body, 
since  I  have  said  I  die  of  starvation. 

"  Sept.  17. — What  a  night  I  have  passed  !  It  has 
rained  -  I  am  wet  through.     I  have  been  so  cold. 

"  Sept.  18. — The  cold  and  rain  forced  me  to  get  up 
tad  walk  ;  my  walk  was  very  feeble.     Thirst  made  me 
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lick  up  the  water  which  atill  rested  on  the  mushrooi 
How  nasty  that  water  was  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  ( 
Hlightness  of  my  clothing,  which  makes  me  feel  t 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept  20. — In  my  stomach  there  ia  terrible  com 
motion ;  hunger,  and,  above  all,  thirst,  become  mori 
and  more  frightful     For  three  days  there  has  been  n 
ran.     Would  that  I  could  lick  up  the  water  from  t 
mushrooms  now ! 

"  Sept.  21. — Unable  to  endure  the  tortures  oft! 
I  crawled  with  great  labour  to  an  inn,  where  I  boi 
a  bottle  of  beer,  which  did  not  quench  mj  thirst 
the  evening  I  drank  some  water  from  the  pump,  nej 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  mud 
less  write.     To-day  thirst  made  mo  go  to  the  piun|l 
the  water  was  icy  cold,  and  made  me  sick.     I  had  o 
vulsions  nntil  evening ;  nevertheless,  I  returned  to  t 
pump. 

"  Sept  26. — My  legs  seem  dead.  For  three  days  j 
have  been  unable  to  go  to  the  pump.  Thirst  increase 
My  weakness  is  such  that  I  could  scarcely  trace  thed 
hues  to-day. 

"  Sept  29. — I  have  been  unable  to  move.  It  1 
rained.  My  clothes  are  not  dry.  No  ope  would  1 
lieve  how  much  I  suffer.  During  the  rain  some  c 
fell  into  my  mouth,  wlich  did  not  quench  my  thi 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me. 
bowed  to  him.     He  returned  my  salutation.     It  is  irijfl 
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;reat  regret  I  die     Weakness  and  convulaions  prevent 

ny  writing  more.     I  fed  this  is  the  last  time " 

This  pathetic  case  illustrates,  as  indeed  all  other 
ises  do,  the  truth  that  Thirst  is  far  more  terrible  than 
lunger.  The  man's  resolution  was  not  strong  enough  to 
eaist  the  desire  for  drink,  yet  be  never  seems  to  have 
altered  in  his  determination  to  refrain  from  food.  It 
rill  be  further  noticed  that  he  ceases  to  complain  of 
he  cold  when  thirst  sets  in  fiercely,  because  then  fever 


TI  The  Sensation  of  Hungee. — The  sensation 
Hunger  is  at  first  rather  agreeable,  but  it  quickly 

icomes  unpleasant  if  prolonged.  The  sense  of  keen 
ippetite  is  delightful,  but  that  "  sinking  in  the  stom- 
"  which  ensues,  quickly  passes  from  an  uneasy 
Bcnsation  mto  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
ptomach  were  being  torn  by  pincers.  This  is  followed 
by  a  state  of  general  exhaustion,  feverishness,  head- 

;he,  light- headedness,  often  flaming  into  madness. 
The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 
t^nldren. 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 
^m  on  that  of  the  eight  colliers,  who  were  shut  up 
on  a  pit  for  one  hundred  and  thirty-six  hours.*     The 

uu  i>  quoted  b7  LoNaBT  in  Ms  TraiCi  di  Phynologia,  1 857. 
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the  mushrsf 


lick  up  the  water  which  stUl  rested  on 
How  nasty  that  water  was  I 

"  Sept.  19. — The  cold,  the  length  of  the  nighl 
slightnesa  of  my  clothing,  which  makes 
cold  more  keenly,  have  given  me  great  Bufferii 

"  Sept.  20. — In  my  stomach  there  is 
motion  ;  hunger,  and,  above  all,  thirst, 
and  more  frightful    For  three  days  there 
rain.     Would  that  I  could  lick  up  the  waterl 
mushrooms  now  ! 

"  Sept.  21. — Unable  to  endure  the  toi 
I  crawled  with  great  labour  to  an  inn,  whert 
a  bottle  of  beer,  which  did  not  quench  my 
the  evening  I  drank  some  water  from  the  L-_^^" 
the  inn  where  I  bought  the  beer.  4*^5        ' 

"  Sept.  23. — Yesterday  I  could  scarcely^^^  *' 
leas  write.  To-day  thirst  made  me  go  ML.  '  9«i', 
the  water  was  icy  cold,  and  made  me  sict^  k  ^  ^ 
vulsions  until  evening ;  nevertlieless,  I  r^  ^^H 

pump.  ^^  '^  6j 

"  Sept.  26. — My  legs  seem  dead.  F<^^^  ®**«i 
have  been  unable  to  go  to  the  pomp.  "tL-y^  '  *'^0 
My  weakness  is  such  that  I  could  scart_ 

V        .    A  ^^^' 

Imes  to-day. 


rto 


^tic 


^«10 


"  Sept.  29.-1  have  been  unable  t<^'  .   '°°") 

rained.  My  clothes  are  not  diy.  N't  '"'^  fop 
lieve  how  much  I  suffer.     Durin!;  the. 

fell  into  my  mouth,  which  did  not  q  ^.  "C       '^°'° 

Yesterday  I  saw  a  peasant  about  teu  Xi  '^°  'en 
I.  J  .  L-  -IT  .  .,  1  ^ed  and  tbh 
bowel  to  hmi     ile  returned  my  salu.1 


318^ 


O^ 


i& 


'«i« 


^trji 


e«s 


^d 


««3t 


'"so* 


<A 


e« 


0/ 


'«8«A 


'■>'  O^V 


xses 


Of  L 


tie 


.en 

Jed 

-ions 

Jiach, 

hours 

juice  is 
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iistension, 
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colour  to  this 

mulated  in  the 

anrelieved,  soon 

as  as  the  explan- 

uO  reject  it. 

might  be  urged,  I 

B  in  the  lining  membrane  of 
A  figured  in  the  chapter  on 
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HDHGBR  AND  1 

lick  up  the  water  which  still  rested  on  thefl 
How  nasty  that  water  was  ! 

"  Sept.  19.— The  cold,  the  length  of  t 
slightness  of  my  clothing,  which  make. 
cold  more  keenly,  have  given  me  great  sui 

"  Sept.  20. — In  my  stomach  there  ia 
motion ;  hunger,  and,  ahove  all,  thirst, 
and  more  frightful.  For  three  days  there 
rain.  Would  that  I  could  lick  up  the  wi 
mushrooms  now  I 

"  Sept  21. — Unable  to  endure  the  toi 
I  crawled  with  great  labour  to  an  inn,  wh( 
a  bottle  of  beer,  which  did  not  quench  my  \ 
the  evening  I  drank  some  water  from  the  p 
the  inn  where  I  bought  the  beer. 

"  Sept  23. — Yesterday  I  could  scarcely  t 
less  write.     To-day  thirst  made  me  go  to  J 
the  water  was  icy  cold,  and  made  me  sick, 
vulsions  ttutil  evening ;  nevertheless,  I  retil 
pump. 

"  Sept  26.— My  legs  seem  dead.  For  i 
have  been  unable  to  go  to  the  pump.  Thil 
My  weakness  is  such  that  I  could  scarcely 
lines  to-day.  | 

"  Sept.  29. — I  have  been  unable  to  nM 
rained.  My  clothes  are  not  dry.  No  oj 
lieve  how  ranch  I  suffer.  During  the  rai 
fell  into  my  mouth,  wliich  did  not 
Yesterday  I  saw  a  peasant  about  ten 
bowed  to  him.     He  returned  my  salutati< 
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1 1  dia    Weakness  and  convulsions  prevent 

more.     I  feel  this  is  the  last  time " 

lietic  case  illustrates,  as  indeed  all  other 
e  truth  that  Thirst  is  far  more  terrible  than 
he  man's  resolution  was  not  strong  enough  to 
lesire  for  drink,  yet  he  never  seems  to  have 
his  determination  to  refrain  from  food.  It 
her  noticed  that  he  ceases  to  complain  of 
lien  thirst  sets  in  fiercely,  because  then  fever 
ipervened. 

k  Sensation  of  Hunger — The  sensation 

I  is  at  first  rather  agreeable,  but  it  quickly 

pleasant  if  prolonged    The  sense  of  keen 

Udightfdl,  but  that  "  sinking  in  the  stom- 

■  ensues,  quickly  passes  from  an  uneasy 

p»  positive  pain.     The  pain  soon  becomes 

\i  food  be  still  withheld,  we  feel  as  if  the 

tt  being  torn  by  pincers.    This  is  followed 

i  general  exhaustion,  feverishness,  head- 

tadedness,  often  flamin*::  into  madness.  "^ 

Mg  seems  possessed  by  one  desire,  before  *> 

k  energetic  instinct  of  maternity  has  been  ®^ 

W  way,  and  motliers  have  actually  dis-  '»-  -^ 

\k  companions  for  the  6esh  of  their  dead  ^^ 
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•Bt  our  eyes  from  such  scenes,  and  turn  :xe  ck^^^ 

tf  Ae  eight  colliery  who  were  shut  up 
Ikndrcd  and  tbirtysix  hours.*     The 
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lick  up  the  water  which  Btill  rested  on  the  mi 
How  nasty  that  water  was  I 

"  Sept.  19.— The  cold,  the  length  of  the  ni 
slightness  of  my  clothing,  which  makes  me 
cold  more  keenly,  have  given  me  great  sufferi 

"  Sept.  20. — In  my  stomach  there  is  terr 
motion ;  hunger,  and,  ahove  all,  thirst,  becc 
and  more  frightful.  For  three  days  there  ha 
rain.  Would  that  I  could  lick  up  the  water 
mu.shroom3  now  ! 

"  Sept  21. — Unable  to  endure  the  tortnres 
I  crawled  with  great  labour  to  an  inn,  where 
a  bottle  of  beer,  which  did  not  quench  my  tl 
the  evening  I  drank  some  water  from  the  pi 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  mi 
less  write.  To-day  thirst  made  me  go  ta  tl 
the  water  was  icy  cold,  and  made  me  sick.  ] 
vulsiona  until  evening ;  nevertheless,  I  retun 
pump. 

"  Sept  26. — IMy  legs  seem  dead  For  thi 
have  been  unable  to  go  to  the  pump.  Thirst 
My  weakness  is  such  that  I  could  scarcely  tJ 
Hues  to-day. 

"  Sept.  29. — I  have  been  unable  to  moy( 
rained.  My  clothes  are  not  diy.  No  oqe  ' 
lieve  how  much  I  suffer.  During  the  rain  80 
fell  into  my  mouth,  which  did  not  quench 
Yesterday  I  saw  a  peasant  about  ten  yards  fr( 
bowed  to  him.     He  returned  my  salutation. 
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lick  up  the  water  whicli  still  rested  on  the  mtishrooms. 
How  naaty  that  water  waa  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  the 
slightnesa  of  my  clothing,  which  makes  me  feel  the 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20. — In  my  stomach  there  is  t«mble  c 
motion ;  hunger,  and,  above  all,  thirst,  become  mol 
and  more  frightful  For  three  days  there  has  been  fl 
rain.  Would  that  I  could  lick  up  the  water  from  t 
mushrooms  now ! 

"  Sept  21, — Unable  to  endure  the  tortures  of  thJ 
I  crawled  with  great  labour  to  an  inn,  where  I  t 
a  bottle  of  beer,  which  did  not  quench  my  thirst. 
the  evening  I  drank  some  water  from  the  pump,  nali 
the  inn  where  I  bought  the  beer. 

"  Sept  23. — Yesterday  I  could  scarcely  move,  mm 
less  write.  To-day  thirst  made  me  go  to  the  pum 
the  water  was  icy  cold,  and  made  me  sick.  I  had  o 
vulsions  imtil  evening  j  nevertheless,  I  returned  to  ti 
pump. 

"  Sept  26. — My  legs  seem  dead.  For  three  daygfl 
have  been  unable  to  go  to  the  pump.  Thirst  incrc 
My  weakness  is  such  that  I  could  scarcely  trace  thfl^ 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move. 
rained.  My  clothes  are  not  diy.  No  one  would  1 
lieve  bow  much  I  suffer.  Dui-ing  the  r 
fell  into  my  mouth,  which  did  not  quench  my  thia 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me.  | 
bowed  to  him.     He  returned  my  salutation.     Itisvifl 
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[leat  regret  I  die.     "Weakness  and  conyulsiona  prevent 

uy  writiiig  more.     I  feel  tbis  is  the  last  time " 

This  pathetic  case  illustrates,  as  iadeed  all  other 
^ases  do,  the  truth  that  Thirst  is  far  more  terrible  than 
Bvnger.  The  man's  resolution  was  not  strong  enough  to 
Mist  the  desire  for  drink,  yet  he  never  seems  to  have 
faltered  in  his  determination  to  refrain  from  food.  It 
(riU  be  further  noticed  that  he  ceases  to  complain  of 
ibe  cold  when  thirst  sets  in  fiercely,  because  then  fever 
iad  also  supeiTened 

VI  The  Sessation  of  Husgeb- — The  sensation 
rf  Hunger  is  at  first  rather  a^eeable,  but  it  quickly 
Kcomes  unpleasant  if  prolonged  The  sense  of  keen 
ippetite  is  delightful,  but  that  "sinking  in  the  stom- 
Wjh"  which  ensues,  quickly  passes  from  an  uneasy 
sensation  into  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
firtomach  were  being  torn  by  pincers.  This  is  followed 
hy  a  state  of  general  exhaustion,  feverishness,  head- 
,  light-headedness,  often  flaming  into  madness, 
rhe  whole  being  seems  possessed  by  one  desire,  before  ] 
which  even  the  energetic  instinct  of  maternity  has  been 
}[nown  to  give  way,  and  mothers  have  actually  dis- 
puted with  then'  companions  for  the  flesh  of  their  dead 
children. 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 
I      them  on  that  of  the  eight  colliers,  who  were  shut  up 

ta  pit  for  one  hundred  and  thirty-six  hours.*     The 
Thta  cam  U  iiuotod  bj  Losasi  in  hia  Trait6  ds  Phyiiologit,  IB57. 


EEBOHTOXJS  RXPLANATlOSa 

mdly,  it  may  be  empty  for  days  together — in  illness — 

ithout  the  slightest  sensation  of  Hunger  being  felt 
Another  notion  is  that  the  gastric  juice  accumulates 
the  stomach,  and  attacks  its  walls.     Snch  a  cause 

ould  certainly  be  ample  for  the  effect,  and  I  know 
t  of  one  objection  to  our  accepting  it,  namely,  that  the 
rf;  on  which  the  explanation  rests  is  unfortunately  a 
tion  ;  the  gastric  joice  does  not  accumulate  in  the 
ipty  stomach,  but  is  only  secreted  after  the  stimulus 
food. 

A  more  ingenious  explanation  has  been  propounded 
'  Dr  Beaumont,  whose  name  is  always  cited  when 

igestion  is  under  discussion,  because  he  was  enabled 

enrich   science  with  mimy  valuable   observations 

on  a  patient  who  had  a  hole  in  his  stomach, 

oduced  by  a  gunshot  wound.     "  During  the  hours 

f  fasting,"  says  Dr  Beaumont,  "  the  gastric  juice  is 

Dwly  being  secreted  in  the  follicles  ■  and  retained  in 
eir  tubes,  thereby  distending  them  :  this  distension, 

hen  moderate,  produces  the  sensation  of  Appetite ; 

hen  more  powerful,  of  Hunger." 
There  are  several  analogies  which  give  colour  to  this 

iplanation.    Thus,  milk  is  slowly  accumulated  in  the 

peast,  and  the  sense  of  fulness,  if  unrelieved,  soon 
■s  into  that  of  pain.    But  ingenious  as  the  explan- 

ion  is,  a  closer  scrutiny  causes  us  to  reject  it. 

Out  of  many  arguments  whicli  might  be  urged,  I 

Tba  /ollicla  aze  email  sooretiiig  glaoda  in  tbe  liaing  membraQe  d( 
Btomacli.    Ttey  will  be  desciilMd  and  fie;ured  in  the  cluLptar  qd 

DHTIDEl  and  iNDIQESTtON',  Bg.  5. 
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lick  up  the  water  which  still  rested  on  the  muslirooiQ 

How  nasty  that  water  was  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  I 
slightuesa  of  my  clothing,  which  makea  me  feel  thi 
cold  more  keenly,  have  given  me  great  suffering, 

"  Sept  20. — In  my  stomach  there  la  terrible  c 
motion ;  hunger,  and,  above  all,  thirst,  become  mora 
and  more  frightful.    For  three  daya  there  haa  been  n 
rain.     Would  that  I  could  lick  up  the  water  from  t 
mushrooms  now ! 

"  Sept  21,— Unable  to  endure  the  tortures  of  thi 
I  crawled  with  great  labour  to  an  inn,  where  I  bou( 
a  bottle  of  beer,  which  did  not  quench  my  thirst. 
the  evening  I  drank  soane  water  from  the  pump,  nea 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — ^Yesterday  I  could  scarcely  move,  mu^ 
leas  write.     To-day  thirst  made  me  go  to  the  pum^fl 
the  water  was  icy  cold,  and  made  me  sick.     I  had  c 
vulaions  until  evening ;  nevertheless,  I  returned  to  t 
pump. 

"  Sept  26. — My  legs  seem  dead.     For  three  daya  I 
have  been  unable  to  go  to  the  pump.    Thirst  increa 
My  weakness  is  such  that  I  could  scarcely  trace  thej 
lines  to-day. 

"  Sept  29. — I  have  been  unable  to  move.  It  1 
rained  Jly  clothes  are  not  dry.  No  one  would  1 
lieve  how  much  I  suffer.  During  the  rain  some  drogj 
fell  into  my  mouth,  which  did  not  quench  my  thirsj 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me  , 
bowed  to  him.     He  returned  my  salutation.     Itisn 
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ait  regret  I  die.  Weakness  and  conTulsioQS  prevent 
fcy  writing  more.     I  feel  this  is  the  last  time " 

This  pathetic  case  illustrates,  aa  indeed  all  other 
■eases  do,  the  truth  that  Thirst  is  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  aeema  to  have 
fiiltered  in  his  determination  to  refrain  from  food.  It 
will  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 

td  also  supervened. 
VI  The  Sensation  op  Hunger  —  The  sensation 
Hunger  is  at  first  rather  agreeable,  but  it  quickly 
comes  unpleasant  if  prolonged.    The  sense  of  keen 
appetite  ia  delightful,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  passes  from  an  uneasy 
sensation  into  positive  pain.     The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
stomach  were  being  torn  by  pincera    This  is  followed 
by  a  state  of  general  exhaustion,  feverishness,  head- 
^■Bche,  Ught-headedness,   often  flaming  into  madness. 
^R%e  whole  being  seems  possessed  by  one  desire,  before 
^Kvhich  even  the  energetic  instinct  of  maternity  has  been 
^fcnown  to  give  way,  and  mothers  have  actually  dis- 
^Bputed  with  their  companions  for  the  flesh  of  their  dead 
^^diildren. 

£ut  let  us  avert  our  eyes  from  such  scenes,  and  turn 

them  on  that  of  the  eight  colliers,  who  were  shut  up 

1  a  pit  for  one  hundred  and  thirty-six  hours.*     The 
*  Thii  oaM  ii  quoted  by  LoNOSi  in  his  Traitf  d»  Phyiologie,  18S7. 
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«iv    It  •  '.It  -  ^ti-r   yvuMM  nL  resH!.  a:  tniimiBiiraaiiE 

!.iin     Uiiri      \ut     U'SJf"    "Wa 

or/  .      -*l  iv    «■■:•:..    tXi-    iC21^t:    C'    tit  "nynfc    "tlB 

.-.ii1;I:m»«     (      l;i-    t/  :1:.LU;.     T— IC;    2aa£e    "BSt    IMfi-  :tiB 

'til    iiii'i-   i.i"f.:*    jav*  ^Tc:  us-  rrcs'  snfieiizi^ 

K»r/    i''-    -1.    rr  ST'Z'uac:    tiwp-    a    ceznofc  Dfiit- 

sill..  ini»T    j::..r:::i:^     ?■_•   tzre  aiT.-  taarp;  jm- meiiia 

i.  i'r,T.L:-.  r.   in-r:  t:^.!.  dj.   no   iTiiiz^si  xr"  ~tiiiac    In. 
uv.  :''v-;iiiu:  J.  Liraiii  -'^z:-  Tr.it-r  ircn  "to  Tunrg,  neat 

•N.vi.  r*  — T  'Ct£TV2*r  I  '-iUj.  £azceir  sierra,  mncb 
i,-^  tv^ii^      r^-i:/'    t:;r:=?  riiui-  ut  j>  to  dm  pump; 

\,5v..iw>  i.ii.M  :w..»iiji^     v.:"^"j7-L::-h?5:  I ^^nunetl to  the 

V .  V  -^s     \4  V   livj^  <«..:;;  ^*^«j;i.     joy  three  days  I 

M\  \\»m\'*--,h  it  on  ii    -I-..*        '  v,;.»  sarcfiv  txace  these 

I* 

V,'.    *'?      ^  '»Mi-  's*:tt    \tv.;;\t".  ;i>  3iove.     It  has 

'■  '  •' !»  '  in'Mi      '^^••■»^:,  tu- 'mil  some  drops 

!•  ••  ;..'  .  ..,,  ■...,,!!!  '(iiiiii  tin  uv,  .iuviioh  my  thiist 
^  .  ■■•t-^  *  <i -■  •  •..  r  yi'.  i^.-Mi  t -t S'*»'<is  fipom  me.  I 
*•..,.>.■     .  "i  •'      •? .  •.  .,•••. -I'M!   <r/iut'U>oti.     Itiswiih 


THE   8ENBATIDM  OF    HUMGER.  S7 

sat  regret  I  die.     IVeakiiesa  and  conTnlsions  prevent 

f  wiitiiig  more.     I  feel  this  is  the  last  time " 

I  pathetic  case  Illustrates,  as  indeed  all  other 
9  do,  the  truth  that  Thirst  is  far  more  terrible  than 
The  man's  resolution  was  not  strong  enough  to 
t  the  desire  for  drink,  yet  he  never  seema  to  have 
tered  in  Ms  determioatioD  to  refrain  from  food.  It 
1  be  further  noticed  that  he  ceases  to  complda  of 
it  cold  when  thirst  sets  in  fiercely,  because  then  fever 
i  also  supervened. 

1  The  Sensation  of  HuycEE. — The  sensation 
of  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged  The  sense  of  keen 
appetite  is  delightful,  but  that  "  sinking  in  the  etom- 
ach"  which  ensues,  quickly  passes  fittm  an  uneasy 
sensation  into  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withbeld,  we  feel  as  if  the 
stomach  were  being  torn  by  pincers.  This  is  followed 
f  a  state  of  gener^  exhaustion,  fcverishness,  head- 
,  li^t-headedness,  often  flaming  into  madness. 
e  whole  being  seems  possessed  by  one  desire,  before 
h  even  the  energetic  instinct  of  maternity  has  been 
I  to  give  way,  and  mothers  have  actually  dis- 
i  with  their  companions  for  the  flesh  of  their  dead 


t  let  US  avert  oar  eyes  from  such  scenes,  and  turn 
1  that  of  the  eight  colliers,  who  were  shut  up 
ft  pit  for  one  hundred  and  thirty-six  hours.*    The 

»  is  qi»ted  bj  Lonqet  in  hia  Trailf  dt  Phytialogit,  1897. 


36  UUHOBR   AMD  THIBBT. 

lick  Up  the  water  nhii^h  still  rcst«ii  oa  the  maihrooiiu. 

How  nasty  that  water  was  I 

■*  Sept.  19.— The  eoM.  the  length  of  the  nights,  the 
slightDess  of  my  clothing,  which  makes  me  feel  the 
cold  more  keenly,  have  given  me  great  suffering. 

"Sept.  20. — In  my  stomach  there  is  terrible  com- 
motion ;  hunger,  and,  above  all,  thirst,  become  more 
and  more  frightful  For  three  days  there  has  been  no 
TaiiL  Would  that  I  could  lick  up  the  water  from  tie 
mushrooms  now  I 

"  Sept.  21. — Unable  to  endure  the  tortures  of  ll 
I  crawled  with  great  labour  to  an  inn,  where  I  I 
a  bottle  of  beer,  which  did  not  quench  my  thlrat. 
the  evening  I  drank  some  water  from  the  pomp,  I 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  n 
less  write.  To-day  thirst  made  me  go  to  the  j 
the  water  was  icy  cold,  and  made  me  sick.  I  hai  a 
vulsions  iintU  evening ;  nevertheless,  I  returned  %»\ 
pump. 

"  Sept  26.— My  legs  seem  dead     Tor  three  dayJ 
have  been  unable  to  go  to  the  pump.    Thirst  incr 
My  weakness  is  such  that  I  could  scarcely  trace  t 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.  It  q 
rained.  My  clothes  are  not  dry.  No  one  would  1 
lieve  how  much  I  suffer.  During  the  rain  some  i 
fell  into  my  mouth,  which  did  not  quench  my  ti 
Yesterday  I  saw  a  peasant  about  ten  yards  from  n 
bowed  to  him.     He  returned  my  salutation.     It  iai^ 
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it  regret  I  die.     'Weakness  and  convulsions  prevent 

ly  writing  more.     I  feel  this  is  the  last  time " 

This  pathetic  case  illustrates,  as  indeed  all  other 
Bses  do,  the  truth  that  Thirst  is  far  more  terrible  than 
The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  seems  to  have 
filtered  in  his  determination  to  refrain  from  food  It 
will  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  iu  fiercely,  because  then  fever 
lad  also  supervened. 


YL  The  Sensation  of  Hukger.— The  sensation 
if  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged  The  sense  of  keen 
tppetite  is  delightfiil,  but  that  "  sinking  in  the  stom- 
ich"  which  ensues,  quickly  passes  from  an  uneasy 
lensation  mto  positive  pain.  The  pain  soon  becomes 
icute ;  and  if  food  be  still  witiheld,  we  feel  as  if  the 
itomach  were  beiug  torn  by  pincers.  This  is  followed 
t^  a  state  of  general  exhaustion,  feverishness,  head- 
,  light-headedness,  often  flaming  into  madness. 
he  wbole  htang  seems  possessed  by  one  desire,  before 
hich  even  the  energetic  instinct  of  maternity  has  been 
nown  to  give  way,  and  mothers  have  actually  dis- 
uted  with  their  companions  for  the  flesh  of  their  dead 
iiildren. 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 
ban  on  that  of  the  eight  colliers,  who  were  shut  np 
in  a  pit  for  one  hundred  and  thirty-six  hours.*  The 
ama  U  quoted  b;  Lokqei  in  his  TraiU  lit  fhstiologit,  1357. 


36  sms'aBH  amd  Thibet. 

lick  up  tbe  water  which  still  rested  on  tlie  mushroomi. 
How  nasty  that  water  was  1 

"  Sept.  19.— The  cold,  the  length  of  the  nights,  the 
eligbtness  of  my  clothing,  which  makes  me  feel  the 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20. — In  my  stomach  there  is  terrible  o 
motion ;  hunger,  and,  abovo  all,  thirst,  become  i 
and  more  frightfuL    For  three  days  there  has  l> 
rain.     Would  that  I  could  lick  np  the  water  from  li 
moshrooms  now  ! 

"  Sept  21. — Unable  to  endure  the  tortures  of  tl 
I  crawled  with  great  labour  to  an  inn,  where  I  I 
a  bottle  of  beer,  which  did  not  quench  my  thirst,   , 
the  evening  I  drank  some  water  from  the  pQmp^  b 
the  inn  where  I  bought  the  beer. 

"  <Sep(.  23. — Yesterday  I  could  scarcely  move,  n 
less  write.  To-day  thirst  made  me  go  to  the  pud 
the  water  was  icy  cold,  and  made  me  sick.  I  had  4 
vulsions  until  crening ;  nevertheless,  I  returned  toa 
pump. 

"  Sept.  26. — My  legs  seem  dead.     For  three  days  f  <1 
have  been  unable  to  go  to  the  pump.    Thirst  increases. 
My  weakness  is  scch  that  I  could  scarcely  trace  thes^ 
linee  to-day. 

"  Sept.  29, — I  have  been  unable  to  move.  It  M 
rained  My  clothes  are  not  dry.  Ko  one  woald  I 
lieve  how  much  I  suffer.  During  the  r^n  some  d 
fell  into  my  mouth,  which  did  not  quench  my  tl 
Yesterday  I  saw  a  peasant  about  ten  yards  from  a 
bowed  to  him.     He  returned  my  salutation.     It  ia  1^ 
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great  regret  I  die,     Wealtness  and  convulsions  prevent 

my  writing  more.     I  feel  this  is  the  last  time " 

This  pathetic  case  iUustrates,  aa  indeed  all  other 
pases  do,  the  truth  that  Thirst  is  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  seems  to  have 
altered  in  hia  determination  to  refrain  from  food.  It 
till  be  further  noticed  that  be  ceases  to  complain  of 
iie  cold  when  thirst  sets  in  fiercely,  because  then  fever 
Iftd  also  supervened. 

TI  The  Sensation  of  Hfnger  —  The  sensation 
sf  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
aecomes  unpleasant  if  prolonged.  The  sense  of  keen 
iippetite  is  delightful,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  passes  from  an  uneasy 
sensation  into  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  witMeld,  we  feel  as  if  the 
Btomoch  were  being  torn  by  pincers.  Tins  is  followed 
;ty  a  state  of  general  exhaustion,  feverishness,  head- 
she,  light- headedness,  often  flaming  into  madness. 
The  whole  being  seems  pos.sessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
tnown  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 
diildren. 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 
jhem  on  that  of  the  eight  colliers,  who  were  shut  up 
b  a  pit  for  one  hundred  and  thirty-six  hours.*  The 
JL  TUiwM  unnoted  by  LoSQST  is  Ma  Trailt  dt  PhynaUigie,  1S£7. 


HUKflBR  AND  THLKBT. 

lick  Up  the  water  which  still  rested  on  the  musbrooa 
How  nasty  that  water  waa  ! 

"  Sept.  19— The  cold,  the  length  of  the  nights,  * 
slightnesa  of  my  clothing,  which  makes  me  feel  t 
cold  more  keenly,  have  giveE  me  great  suffering. 

"  Sept.  20. — In  my  stomach  there  is  terrible  oa 
motion ;  hunger,  and,  above  all,  thirst,  become  mo 
and  more  frightful.  For  three  days  there  has  been ; 
mn.  Would  tliat  I  could  lick  up  the  water  from  t 
mushrooms  now ! 

"  Sept.  21. — Unable  to  endure  the  tortures  of  tl 
I  crawled  with  great  labour  to  an  inn,  where  I  bonfl 
a  bottle  of  beer,  which  did  not  quench  my  thirst.    ' 
the  evening  I  drank  some  water  from  the  pump,  n< 
the  inn  where  I  bought  the  beer. 

"  (Sflp(.  23. — Yesterday  I  could  scarcely  move,  mn 
less  write.  To-day  thirst  made  me  go  to  the  pun 
the  water  was  icy  cold,  and  made  me  sick.  I  had  o 
vulsiona  until  evening ;  nevertheless,  I  returned  to  1 
pnmp. 

"  Sept  26. — My  legs  seem  dead.  For  three  day! 
have  been  unable  to  go  to  the  pump.  Thirst  inote 
My  weakness  is  such  that  I  could  scarcely  tracs  t 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.  It  1 
rained  My  clothes  are  not  dry.  No  one  would  I 
Ueve  how  much  I  suffer.  Dui'ing  the  rain  some  drc 
fell  into  my  mouth,  vthich  did  not  quench  my  thii 
Yesterday  I  saw  a  peasant  about  ten  yards  from  ma  • 
bowed  to  him.     He  re  turned  my  salutation.     It  is  w 


THE  SENSATION  OF   HUNGER. 

reat  regret  I  die.     Weakness  and  conTulsiona  prevent 

,y  writing  more.     I  feel  this  is  the  last  time " 

This  pathetic  case  illustrates,  as  indeed  all  other 
ees  do,  the  truth  that  Thirst  ia  far  more  terrible  than 
The  man's  resolution  was  not  strong  enough  to 
rist  the  desire  for  drink,  yet  he  never  seems  to  have 
Itered  iu  his  determination  to  refrain  from  food.  It 
11  be  further  noticed  that  he  ceases  to  complain  of 
e  cold  when  thirst  sets  in  fiercely,  because  then  fever 
id  also  euperrened. 

VI  The  Sensation  of  Hui-'gee. — The  sensation 
Hunger  is  at  first  rather  agreeable,  but  it  quickly 

cornea  unpleasant  if  prolonged.    The  sense  of  keen 

ipetite  is  delightful,  but  that  "  sinking  in  the  stom- 
"  which  ensues,  quickly  passes  from  an  uneasy 
isation  into  positive  pain.  The  pain  soon  becomes 
ite  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
imach  were  being  torn  by  pincers.  This  is  followed 
a  state  of  general  exhaustion,  feverislmess,  head- 
le,  light- headedness,  often  flaming  into  madness, 
■e  whole  being  seems  possessed  by  one  desire,  before 
ich  even  the  cnergeticinstinctof  maternity  has  been 

lOWD  to  give  way,  and  mothers  have  actually  dis- 

ited  with  their  companions  for  the  flesh  of  their  dead 

Uldren. 
Bat  let  ns  avert  our  eyes  from  such  scenes,  and  turn 

ism  on  that  of  the  eight  coUiers,  who  were  shut  tip 
It  a  pit  for  one  hundred  and  thirty-six  hours.*    The 

■jUCtedbfLoNOSTinhia  Traili  ilt  Phyiialegu,  iBSJ. 
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lick  up  the  water  which  atiU  rested  on  the  raushrooin 
How  nasty  that  water  was  ! 

"  Sept.  19,— The  cold,  the  length  of  the  jughta, 
slightness  of  my  clothing,  which  makes  me  fed  i 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20.— In  my  stomach  there  is  tenible  c 
motion ;  hunger,  and,  aljove  all,  thirst,  become  raoj 
and  more  firightful.    For  three  days  there  has  been  4 
rson.    Would  that  I  couid  lick  up  the  wat«r  from  t 
mushrooms  now  ! 

"  Sept  21. — Unable  to  endure  the  tortures  oft] 
I  crawled  with  great  labour  to  an  inn,  where  I  bou^ 
a  bottle  of  beer,  which  did  not  quench  my  thirst. 
the  evening  I  drank  some  water  from  the  pump,  ] 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — ^Yesterday  I  could  scarcely  move,  mo( 
leas  write.  To-day  thirst  made  me  go  to  the  pum 
the  water  was  icy  cold,  and  made  me  sick.  I  had  c 
Tulsiona  ontU  evening ;  nevertheless,  I  retuined  to  i 
pump. 

"  Sept  26. — My  legs  seem  dead     For  three  daya 
have  been  unable  to  go  to  the  pump.    Thirst  incre 
My  weakness  is  such  that  I  could  scarcely  trace  thj 
Knes  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.     It  i 
rained     My  clothes  are  not  dry.     No  one  woiild  t 
lieve  how  much  I  Buffer.     During  the  rain  some  ( 
felt  into  my  mouth,  which  did  not  quench  my  t 
Yesterday  I  saw  a  peasant  about  ten  yards  &t)m  jn6.M 
bowed  to  him.     He  returned  my  salutation.     It  Ii 
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jat  regret  I  dia     Weakness  and  convulsions  prevent 

y  writing  more.     I  feel  this  ia  the  last  time " 

I  This  pathetic  case  illustrates,  as  indeed  all  other 
Ises  do,  the  truth  that  Thirst  ia  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drini,  yet  he  never  seems  to  have 
faltered  in  his  determination  to  refrain  from  food.  It 
will  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 
had  also  supervened. 

VL  The  Sensation  op  Hunger, — The  sensation 
of  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged.  The  sense  of  keen 
appetite  is  delightful,  but  that  "  sinking  in  the  slom- 
a.oh"  which  ensues,  quickly  passes  from  an  uneasy 
sensation  mto  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withleld,  we  feel  as  if  the 
etomach  were  being  torn  by  pincers.  This  is  followed 
by  a  state  of  general  exhaustion,  feverishness,  head- 
ache, ligbt-headedness,  often  flaming  into  madness. 
The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 
children. 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 

them  on  that  of  the  eight  coUiers,  who  were  shut  up 

^on  a  pit  for  one  hundred  and  thirty-six  honrs.*     The 

V     •  Tlii«  oaw  1*  quoted  by  LoKOEt  in  his  Traiil  dt  Ph^nolosi',  1 857. 
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lick  up  the  water  which  still  rested  on  the  maabrooi 

How  nasty  that  water  was  ! 

"  Sept.  19.— The  cold,  the  length  of  the  nights, 
slightuess  of  my  clothing,  which  makes  me  feel 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20. — In  my  stomacJi  there  is  terrible  e 
motion ;  hunger,  and,  above  all,  thirst,  become  a 
and  more  frightful  For  three  days  there  has  been 
rain.  Would  that  I  could  lick  up  the  water  from 
mushrooms  now  ' 

"  Sept  21. — Unable  to  endure  the  tortures  of 
I  crawled  with  great  labour  to  an  inn,  where  I  bou^ 
a  bottle  of  beer,  which  did  not  quench  my  thirst 
the  evening  I  drank  some  water  from  the  pump, » 
the  inn  where  I  bougtt  the  beer, 

"  St^t.  23. — ^Yesterday  I  could  scarcely  move,  nit 
less  writ«.  To-day  thirst  made  me  go  to  the  pan 
the  water  was  icy  cold,  and  made  me  sick.  I  bldtj 
vulsions  until  evening;  nevertheless,  I  retumadiB^ 
pump.  1 

"  Sept  26.— My  legs  seem  dead.  For  three  dttji 
have  been  unable  to  go  to  the  pump.  Thirst  inoWi 
My  weakness  is  such  that  I  could  scarcely  trace  th 
lines  to-day, 

"  Sept.  29, — I  have  been  unable  to  mo^    It 
rained    My  clothes  are  not  diy.     No  one  won^ 
lieve  how  much  I  suffer.     During  the  r^n  some 
fell  into  my  mouth,  which  did  not  quench  my 
Yesterday  I  saw  a  peasant  about  ten  yards  from  i 
bowed  to  him.     He  returned  my  salutation.     It  if 
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regret  I  die     Weakness  aiid  eonvulBiona  prevent 

writing  mora     I  feel  this  is  the  last  time  ....  ." 

iiis  pathetic  case  iJlustrates,  as  indeed  all  other 

kses  do,  the  truth  that  Thirst  is  far  more  terrible  than 

LUDger.   The  man's  resolution  waa  not  strong  enough  to 

the  desire  for  drink,  yet  he  never  seems  to  have 

in  his  determination  to  refrain  from  food.     It 

be  further  noticed  that  he  ceases  to  complain  of 

lid  when  thirst  sets  in  fiercely,  because  then  fever 

supervened. 


'.  The  Sensation  of  Hunger — The  sensation 

Hunger  is  at  first  rather  ^eeable,  but  it  quickly 

mea  unpleasant  if  prolonged.     The  sense  of  keen 

petite  is  delight&l,  but  that  "  sirddng  in  the  stom- 

'  which  ensues,  quickly  passes  from   an  uneasy 

sation  into  positive  pain.     The  pain  soon  becomes 

;  and  if  food  be  still  withheld,  we  feel  as  if  the 

mach  were  being  torn  by  pincera    This  is  followed 

■a  state  of  general  exhaustion,  feverishness,  head- 

;  liglit-headedness,   often  flaming  into   madness. 

■whole  being  seema  possessed  by  one  desire,  before 

[i  even  the  energetic  instinctof  maternity  has  been 

1  to  give  way,  and  mothers  have  actually  dia- 

Iwith  their  companions  for  the  flesh  of  their  dead 


■let  us  avert  onr  eyes  from  such  scenes,  and  turn 
a  that  of  (he  eight  colliers,  who  were  shut  up 
■  one  hundred  and  thirty-six  hours.*    The 
is  quoted  hj  Losan  in  ha  Traitt  dt  Pi^tMoga,  1857. 
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lick  up  the  water  which  still  rested  oq  the  muBhrooB 
How  nasty  that  water  was  t 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  t 
glightness  of  my  clothing,  which  makes  me  fed  t 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20, — In  my  stomach  there  is  terrible  coD 
motion ;  hunger,  and,  above  all,  thirst,  become  n 
and  more  frightful.    For  three  days  there  has  been  i 
rain.    Would  that  I  could  lick  up  the  water  from  tl 
mnshrooms  now  ! 

"  Sept.  21. — Unable  to  endure  the  tortures  of  tl 
I  crawled  with  great  labour  to  an  inn,  where  I  bon^ 
a  bottle  of  beer,  which  did  not  quench  my  thirst  '■ 
the  evening  I  drank  some  water  from  the  pump,  ai 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  mDi 
less  write.     To-day  thirst  made  me  go  to  the  pnn^ 
the  water  was  icy  cold,  and  made  me  sick     I  btdfl 
Ttdsions  until  evening-;  nevetthelesa,  I  retnroBdic 
pump. 

"  Sept  26. — My  legs  seem  dead.  For  three  isjt 
have  been  unable  to  go  to  the  pump.  Thirst  incia 
My  weakness  is  such  that  I  could  scarcely  trace  th( 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.    It  I 
rained     My  clothes  are  not  dry.     No  one  would  1 
lieve  how  much  I  suffer.     Dui'ing  the  rain  some  d 
fell  into  my  raouth,  which  did  not  quench  my  ti 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me.  I 
bowed  to  him.     He  returned  my  salutation.     It  iE 
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m  regret  I  dia     Weakness  and  convulsions  prevent 

'  writing  more.     I  feel  this  ia  the  last  time " 

Ttiia  pathetic  case  illustrates,  as  indeed  all  other 
les  do,  the  tnith  that  Thirst  13  far  more  terrible  than 
inger.  The  man's  resolution  was  not  strong  enough  to 
ist  the  desire  for  di'ink,  yet  he  never  seems  to  have 
tared  in  his  determination  to  refrain  from  food.  It 
11  be  further  noticed  that  he  ceases  to  complain  of 
B  cold  when  thirst  seta  in  fiercely,  because  then  fever 
d  also  supervened. 


VI  The  Sensation  op  Hungeb.— The  sensation 
Hunger  is  at  first  rather  agreeable,  but  it  quickly 
icomes  unpleasant  if  prolonged.  The  sense  of  keen 
)petite  ia  delightfiil,  but  that  "  sinking  in  the  stom- 
lii"  which  ensuea,  quickly  passes  from  an  uneasy 
Bsation  into  positive  pain.  The  pain  soon  becomes 
mte  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
tomach  were  being  torn  by  pincers.  This  is  followed 
Lk.8tate  of  general  exhaustion,  feverishness,  head- 
^kUg^t-headedness,  often  flaming  into  madness. 
^Miole  being  seems  possessed  by  one  desire,  before 
M^  even  the  energetic  instinct  of  maternity  has  been 
Down  to  give  way,  and  mothers  have  actually  dis- 
Ued  with  their  companions  for  the  fleah  of  their  dead 
dren. 

tat  let  us  avert  our  eyes  from  such  scenes,  and  turn 
m  that  of  tha  eight  colliers,  who  were  shut  up 
!a  pit  for  one  hundred  and  thirty-six  hours.*     The 


t-Tbi»  *»" 
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lick  up  the  water  whicli  still  rested  on  the  n 
How  nasty  tliat  water  waa  ! 

"  Sept.  19.— The  cold,  the  length  of  the  td^ 
alightnesa  of  my  clothing,  which  makes  me  f 
cold  more  keenly,  have  given  me  great  sufiTetin^ 

"  Sept.  20.— In  my  stomach  there  is  terrib! 
motion ;  hunger,  and,  above  all,  thirst,  becom 
and  more  frightfuL  For  three  days  there  has  1 
rain.  Would  that  I  could  lick  up  the  water  fr 
mushrooms  now  ! 

"  Sept.  21. — Unable  to  endure  the  tortures  oi 
I  crawled  with  great  labour  to  an  inn,  where  I 
a  bottle  of  beer,  which  did  not  quench  my  thu 
the  evening  I  drank  Bome  water  from  the  puM 
the  inn  where  I  bought  the  beor. 

"  Sept  23. — Yesterday  I  could  scarcely  miri 
leas  write.     To-day  thirst  made  mo  go  to  t 
the  water  waa  icy  cold,  and  made  me  sick. 
Tulsions  until  evening ;  nevertheless,  I  retd 
pump. 

"  Sept  26. — My  legs  seem  dead.     For  tl 
have  been  unable  to  go  to  the  pump.    Thi 
My  weakne33  is  such  that  I  could  scarcelyil 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  i 
rained.     My  clothes  are  not  dry.     No  oft 
lieve  how  much  I  suffer.    Duiins  the  raid* 
fell  into  my  mouth,  which  did  not  qnei^^. 
Yesterday  I  saw  a  peasant  about  ten  yard^ 
bowed  tohim.     He  returned  my  salutati^ 
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lick  up  the  water  which  still  rested  on  themHsl 
How  nasty  that  water  was  ! 

"  Sept.  19. — The  cold,  the  length  of  the  ni^ 
sUghtness  of  my  clothing,  which  makes  me  i 
cold  more  keenly,  have  given  me  great  aofierioj 

"  Sept  20. — In  my  stomach  there  is  tenib 
motion ;  hunger,  and,  above  all,  thirst,  becon 
and  more  frightful.  For  three  days  there  baa  I 
rain.  Would  that  I  could  lick  np  the  water  b 
mnshrooms  now  I 

"  Sept.  21. — Unable  to  endure  the  tortnres  0 
I  crawled  with  great  labour  to  an  inn,  where  I 
a  bottle  of  beer,  which  did  not  quench  my  tl 
the  evening  I  drank  some  water  from  the  i 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  n 
less  write.     To-day  thirst  made  me  go  to  t 
the  water  was  icy  cold,  and  made  me  sick, 
vulsiona  until  evening ;  nevertheless,  I  retn 
pomp. 

"  Sept  26. — My  legs  seem  dead.  For  ti 
have  been  unable  to  go  to  the  pump.  Thia 
My  weakness  is  such  that  I  could  scarcel]( 
lines  to-day. 

"  Sept  29. — I  have  been  unable  to  t^  '^ 
rained.    My  clothes  are  not  dry.     No  d 
lieve  how  much  I  suffer.    During  the  rai 
fell  into  my  mouth,  which  did  not  quel,  ''1 
Yesterday  I  saw  a  peasant  about  ten  yar ' 
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egret  I  die.    Weakness  and  conyulsions  prevent 

ting  more.     I  feel  this  is  the  last  time " 

pathetic  case  illustrates,  as  indeed  all  other 
[>,  the  truth  that  Thirst  is  far  more  terrible  than 
•.  The  man's  resolution  was  not  strong  enough  to 
lie  desire  for  drink,  yet  he  never  seems  to  have 
jn  his  determination  to  refrain  from  food.  It 
Borther  noticed  that  he  ceases  to  complain  of 
I  when  thirst  sets  in  fiercely,  because  then  fever 
D  supervened. 

Sensation  of  Hunger. — The  sensation 
is   at  first  rather  agreeable,  but  it  quickly 
ipleasant  if  prolonged     The  sense  of  keen 
delightful,  but  that  "  sinking  in  the  stom- 
ensnes,   quickly  pa.w^  from  an  uneasy 

n^M  train  fftnm  l>ecomes 

^  positive  pain.    IJ"  f'    «,,  ^  .r  rfto  ^ 

lif  food  be  stm  withheld,  ^.^  .^  ^^,,^^^^^,  ^  ^^ 

being  torn  »>y  P'"<*^^jl,nes-^  h.«.l-  ^  sootx 

^ '  general  exhaustion,  ^         ,,.,,„,s,,  '    ^t,- 
Wedneas,   often  fl»n»»»  j^^v  IvSw 

ing  seems  possessed  hj'^^-^  y,, K.-r.  ^     ^  \ 

.  energetic  in.stincto^;:,.^.:o   o::V-  ^"^ 

.ay,    an.  .ochj,,  ^    V  :• ....  ^^e^^ 


-.■Wirt's  f  ^ 

on 


> 


companions  f^' 
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lick  up  the  water  which  atUl  rested  on  the  muBhroom 
How  nasty  that  water  was  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights, 
alightreaa  of  my  clothing,  which  makes  me  feel  t 
cold  more  keenly,  have  given  me  great  suffering, 

"  S^t  20. — In  my  stomach  there  is  terrible  com 
motion ;  hunger,  and,  above  all,  thirst,  become  moi 
and  more  frightful    For  three  days  there  has  been  i 
rain.    Would  that  I  could  lick  up  the  water  from  ) 
mnshrooms  now ! 

"  Sept.  21. — Unable  to  endure  the  tortures  o 
I  crawled  with  great  labour  to  an  inn,  where  I  bouf 
a  bottle  of  beer,  which  did  not  quench  my  thirst, 
the  evening  I  drank  some  water  from  the  pump,  ] 
the  inn  where  I  bought  tlie  beer. 

"  Sept.  23. — Yesteriiay  I  could  scarcely  move,  mud 
less  write.     To-day  thirst  made  me  go  to  the  pumjM 
the  water  waa  icy  cold,  and  made  me  sick.     I  had  c 
vulsions  tmtil  evening ;  nevertheless,  I  returned  to  t 
pump. 

"  Sept  26. — My  legs  seem  dead.     For  three  days  j 
have  been  unable  to  go  to  the  pump.    Thirst  Incre 
My  weakness  is  such  that  I  could  scarcely  trace  theri 
lines  to-day. 

"  S^t.  29. — I  have  been  unable  to  move.  It  1 
rained.  My  clothes  are  not  dry.  No  ope  would  1 
lieve  how  much  I  suffer.  During  the  rain  some  droj 
fell  into  my  mouth,  which  did  not  quench  my  t 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me.  ■ 
bowed  to  him.     He  returned  my  salutation     It  is  n 
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[great  regret  I  die.     Weakness  aitd  convulsiona  prevent 

my  ■writing  more.     I  feel  tliis  is  the  last  time " 

This  pathetic  caae  illustrates,  as  indeed  all  other 
8  do,  the  truth  that  Thirst  is  far  more  terrible  than 
pBuDger.  The  man's  reaolotiou  waa  not  strong  enough  to 
Ifesist  the  desire  for  drink,  yet  he  never  seems  to  have 
altered  in  his  determination  to  refrain  from  food.  It 
WvnU  be  fiirtber  noticed  that  he  ceases  to  complain  of 
I  the  cold  when  thirst  sets  in  fiercely,  because  then  fever 


VI  The  Sensation  of  Hunger — The  sensation 
tof  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
F  becomes  unpleasant  if  prolonged.    The  sense  of  keen 
appetite  is  delightful,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  pa.sses  from  an  uneasy 
sensation  mto  positive  pain.     The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
stomach  were  being  torn  by  pincers.    This  is  followed 
by  a  state  of  general  exhaustion,  feverishness,  head- 
ache, light-headedness,   often   flaming  into  madness. 
.     The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  motliers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 
children. 

But  let  ns  avert  our  eyes  from  such  scenes,  and  turn 
^^them  on  that  of  the  eight  colliers,  who  were  shut  np 
^Kb  a  pit  for  one  hundred  and  thirty-six  hours.*     The 

^^^f  Thii  oiue  is  iluoted  by  LqnQei  in  Ilia  Traitf  d»  Pii/ttolcgie,  ]S57. 
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lick  up  the  water  which  still  rested  on  t] 
How  nasty  that  water  waa  I 

'■  Sept.  19.— The  cold,  the  length  of  i 
slightness  of  my  clothing,  which  makei 
cold  more  keenly,  have  given  me  great  a 

"  Sept.  20. — In  my  stomach  there  ia 
motion ;  hunger,  and,  above  all,  thirst, 
and  more  frightful.  For  three  days  thw 
rain.  Would  that  I  could  lick  up  the  yi 
mushrooms  now ! 

"  SepL  21. — Unable  to  endure  the  toi 
I  crawled  with  great  labour  to  an  inn,  i 
a  bottle  of  beer,  which  did  not  quench! 
the  evening  I  drank  some  wat«r  from  i 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scariJ 
less  write.  To-day  thirst  made  me  j 
the  water  was  icy  cold,  and  made  me  S 
vulsions  irntil  evening ;  nevertheless,  I 
pump. 

"  Sept.  26.— My  legs  seem  dei 
have  been  unable  to  go  to  the  panip.„ 
My  weakness  is  such  that  I  could  s(lA 
lines  to-day.  ^ 

"  Sept.  29. — I  have  been  unablep^^^ 
rained.     My  clothes  are  not  dry. 
iieve  how  much  I  suffer.     During  tj 
fell  into  my  mouth,  which  did  uot .    j 
Yesterday  I  saw  a  peasant  about  te^^ 
bowed  to  him.     He  returned  my  sa^^a 
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lick  up  the  water  whicl  atill  rested  on  tlio  muahroon 
How  nasty  that  water  was  I 

"  Sept.  19— The  cold,  tLe  length  of  the  nights,  f 
sUghtDesa  of  my  clothing,  which  makes  me  feel  t 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20. — In  my  stomach  there  is  terrible  ooi 
motion ;  hunger,  and,  aliove  all,  thirst,  become  t 
and  more  frightful     For  three  days  there  has  been  i 
rai-a.    Would  that  I  could  lick  up  the  water  from  i 
mushrooms  now  I 

"  Sept.  21, — Unable  to  eudure  the  tortures  of  0 
I  crawled  with  great  labour  to  an  inn,  where  I  boii| 
a  bottle  of  beer,  which  did  not  quench  my  thirst 
the  evening  I  drank  some  water  from  the  pump,  M 
the  inn  where  I  bought  the  beer, 

"  Sept  23. — Yesterday  I  could  scarcely  move,  mm 
less  write.  To-day  thirst  made  me  go  to  the  pun^ 
the  water  was  icy  cold,  and  made  me  sick.  I  hod  cO 
valsions  until  evening  ;  nevertheless,  I  returned  to  t 
pump. 

"  Sept  26. — My  legs  seem  dead.     For  three  days 
have  been  unable  to  go  to  the  pump.    Thirst  in( 
My  weakness  is  such  that  I  could  scarcely  trace  t 
lines  to-day, 

"  Sept.  29. — I  have  been  unable  to  move.     It  1 
rained.    My  clothes  are  not  dry.     No  one  would  1 
lieve  how  much  I  suffer.     During  the  rain  some  i 
fell  into  my  mouth,  which  did  not  quench  my  ti 
Yesterday  I  saw  a  peasant  about  ten  yarda  from  me. 
bowed  to  him     He  returned  my  salutation.     It  is  n 
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great  regret  I  dia    Weakness  and  convulsions  prevent 

my  writing  more.     I  feel  this  is  the  last  time " 

This  pathetic  case  illustrates,  as  indeed  all  other 
cases  do^  the  truth  that  Thirst  is  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  seems  to  have 
£Edtered  in  his  determination  to  refrain  from  food.  It 
will  be  fnrther  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 
had  also  supervened. 

VL  The  Sensation  of  Hunger — The  sensation 
of  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged.  The  sense  of  keen 
appetite  is  delightful,  but  that  '*  sinking  in  the  stom- 
ach'' which  ensues,  quickly  passes  from  an  uneasy 
sensation  into  positive  pain.  The  pain  soon  becomes 
acute ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
Btomach  were  being  torn  by  pincers.  This  is  foUowed 
by  a  state  of  general  exhaustion,  feverishness,  head- 
ache,  li^t-headedness,  often  flaming  into  madness. 
The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
kaown  to  ^ve  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 

Bat  let  US  avert  our  eyes  from  such  scenes,  and  turn 
flem  on  that  of  the  eight  colliers,  who  were  shut  up 
in  a  pit  for  one  hundred  and  thirty-six  hours.*^     The 

*  Thii  eaM  k  qaotad  hy  Lonqet  in  his  Traiti  de  Physiologies  1857. 


^^^^^K      Yesterda 
^^^^^h    bowed  t( 


lick  up  the  water  which  still  rested  on  the  mushrooms. 
How  nasty  that  water  was  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  flie 
slightDeaa  of  my  clothing,  which  makes  me  feel  the 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20. — In  my  stomach  there  is  terrible  oa 
motion ;  hunger,  and,  above  all,  thirst,  become  m( 
and  more  frightful  For  three  days  there  has  been 
rain.  Would  that  I  could  lick  up  the  wat«r  from  1 
mushrooms  now ! 

"  Sept  21. — Unable  to  endure  the  tortures  of 
I  crawled  with  great  labour  to  an  iun,  where  I 
a.  bottle  of  beer,  which  did  not  quench  my  thirst, 
the  evening  I  drank  some  water  from  the  pump,  s 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  m' 
less  write.  To-day  thirst  made  me  go  to  the  pui 
the  water  was  icy  cold,  and  made  me  sick.  I  had  c 
vulsions  until  evening ;  nevertheless,  I  returned  to 
pump. 

"  Sept  26.— My  legs  seem  dead.  For  three  daj 
have  been  unable  to  go  to  the  pump.  Thirst  incres 
My  weakness  is  such  that  I  could  scarcely  trace  tl 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.  It 
raiued.  My  clothes  are  not  dry.  No  one  would 
lieve  how  much  I  suffer.  Dming  the  rain  some  di 
fell  into  my  mouth,  which  did  not  quench  my  thi 
Yesterday  I  saw  a  peasant  about  ten  yards  fi«m  me. 
bowed  to  him.     He  returned  my  salutation.     It  is  w 
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great  regret  I  dia    Weakness  and  conynlsions  prevent 

my  writing  more.     I  feel  this  is  the  last  time '* 

This  pathetic  case  illustrates,  as  indeed  all  other 
cases  do,  the  truth  that  Thirst  is  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  seems  to  have 
filtered  in  his  determination  to  refrain  from  food.  It 
will  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 
had  also  supervened. 

VI  The  Sensation  of  Hunger — The  sensation 
of  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged.  The  sense  of  keen 
appetite  is  delightfiQ,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  passes  from  an  uneasy 
sensation  mto  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
stomach  were  being  torn  by  pincera  This  is  followed 
by  a  state  of  general  exhaustion,  feverishness,  head- 
ache, lig^t-headedness,  often  flaming  into  madness. 
.  The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 

Bnt  let  us  avert  our  eyes  from  such  scenes,  and  turn 
them  on  that  of  the  eight  colliers,  who  were  shut  up 
in  a  pit  for  one  hundred  and  thirty-six  hours.*    The 

*  This  owe  ii  quoted  \fj  Lo:?0£T  in  his  Traiti  ds  Physioloffie,  1857. 
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lick  up  the  water  which  still  rested  on  the  mushrot 
How  nasty  that  water  waa  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  i 
aUghtness  of  my  clothing,  which  makes  rae  feel  i 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept  20.— In  my  stomach  there  is  terrible  coiU 
motion ;  hunger,  and,  above  all,  thirst,  become  nwH 
and  more  frightful.     For  three  days  there  has  been  q 
rain.     Would  that  I  could  lick  up  the  wat^r  from  t 
moshrooras  now  ! 

"  Sept.  21.- — Unable  to  endure  the  tortures  of  tl 
I  crawled  with  great  labour  to  an  urn,  where  I  bouj 
a  bottle  of  beer,  which  did  not  quench  my  thirst 
the  evening  I  drank  some  water  from  the  pump,  ntsi 
the  inn  where  I  bought  the  beer. 

"  Sept  23. — Yesterday  I  could  scarcely  move,  mu^ 
less  write.     To-day  thirst  made  me  go  to  the  pum^ 
the  water  was  icy  cold,  and  made  me  sick     I  had  o 
Tulsiona  until  evening  ;  nevertheless.  I  returned  to  t 
pump. 

"  Sept  26. — My  legs  seem  dead     For  three  days* 
have  been  unable  to  go  to  the  pump.    Thirst  incr 
My  weakness  is  such  that  I  could  scarcely  trace  th^ 
lines  to-day. 

"  Sept  29. — I  have  been  unable  to  move, 
rained.     My  clothes  are  not  dry.     No  one  would  1 
lieve  how  much  I  suffer.    Dming  the  rain  some  o 
fell  into  my  mouth,  which  did  not  quench  my  thi 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me.  J 
bowed  to  him.     He  returned  my  salutation.     It  ii 


THE   SENSATION  OF    HUNGEB.  27 

jat  regret  I  iLe.     'Weakness  and  convulsions  prevent 

by  writing  more.     I  feel  this  is  the  last  time " 

1  Thia  pathetic  case  illustrates,  as  indeed  all  other 
1,  the  truth  that  Thirst  is  far  more  terrible  than 
Hanger.  TLe  man's  resolution  was  not  strong  enough  to 
resbt  the  desire  for  drink,  yet  he  never  seems  to  have 
faltered  in  his  determination  to  refrain  from  food.  It 
vrill  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 
had  also  supervened. 

VL  The  Sensation  of  Hunger. — The  sensation 
of  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged    The  sense  of  keen 
appetite  is  delightful,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  passes  from   an  uneasy 
II'     sensation  mto  positive  pain.     The  pain  soon  becomes 
^Kacute  ;  and  if  food  be  stUl  witKheld,  we  feel  as  if  the 
^Btomach  were  being  torn  by  pincers.    This  is  followed 
^■Ijy  a  state  of  general  exhaustion,  feverishness,  head- 
ache, light-headedness,   often  flaming  into  madness. 
.    The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 
children. 

But  let  U8  avert  our  eyes  from  such  scenes,  and  turn 
^tham  on  that  of  the  eight  colliers,  who  were  shut  up 
^Bb  a  pit  for  one  hundred  and  tbirty-six  hours.*     The 

^H'  Tbilaueiiiq.uoUdb7LoNaSTlnliia  Traiti  di  PhynQlogie,  18S7. 
^ i 
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lick  \ip  the  water  which  atill  rested  on  the  mushrooiiu. 
How  nasty  that  water  was  ! 

"  Sept.  19.— The  cold,  the  length  of  the  nights,  t 
slightness  of  my  clothing,  which  makes  me  feel  t 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20.— In  my  stomach  there  is  terrible  com 
motion ;  hunger,  and,  above  all,  thirst,  become  moi 
and  more  frightful  For  three  days  there  has  been  u 
rain.  Would  that  I  could  lick  up  the  water  &om  th< 
mushrooma  now  ! 

"  Sept.  21. — Unable  to  endure  the  tortures  of  thira^ 
I  crawled  with  great  labour  to  an  inn,  where  I  1 
a  bottle  of  beer,  which  did  not  quench  my  thirst, 
the  evening  I  drank  some  water  from  the  pump,  m 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  mi 
less  write.     To-day  thirst  made  me  go  to  the  pump 
tihe  water  was  icy  cold,  and  made  me  sick.     I  had  con 
vulsiona  until  evening ;  nevertheless,  I  returned  to  t 
pnmp. 

"  Sept  26. — My  legs  seem  dead.     For  three  days 
have  been  unable  to  go  to  the  pump.    Thirst  u 
My  weakness  is  such  that  I  could  scarcely  trace  thei 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.  It  hi 
rained.  My  clothes  are  not  dry.  No  one  would  b< 
lieve  how  much  I  suffer.  Ditring  the  rain  some  droj 
fell  into  my  mouth,  which  did  not  quench  my  thirs 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me. 
bowed  to  him.     He  returned  my  salutation.     It  is  wit 


THE  SENSATION  OF  HUNGER.  27 

great  regret  I  dia    Weakness  and  conynlsions  prevent 

my  writing  more.     I  feel  this  is  the  last  time '* 

This  pathetic  case  illustrates,  as  indeed  all  other 
cases  do,  the  truth  that  Thirst  is  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  seems  to  have 
filtered  in  his  determination  to  refrain  from  food.  It 
will  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 
Jbad  also  supervened. 

VI  The  Sensation  of  Hunger — The  sensation 
of  Hunger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged.  The  sense  of  keen 
appetite  ia  delightful,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  passes  from  an  uneasy 
Bensation  mto  positive  pain.  The  pain  soon  becomes 
acute ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
stomach  were  being  torn  by  pincera  This  is  followed 
by  a  state  of  general  exhaustion,  fevenshness,  head- 
ache, lig^t-headedness,  often  flaming  into  madness. 
.  The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  giye  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 
fauiIilreiL 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 
them  on  that  of  the  eight  colliers,  who  were  shut  up 
in  a  pit  for  one  hundred  and  thirty-six  hours.*    The 

*  lUt  esM  ii  quoted  by  Loi^OET  in  his  Traiii  ds  Physioloffie,  1857. 


HUNQEB  AND  THIBBT. 

lick  op  the  water  wbicli  atUl  tested  on  the  raashroonK 
How  nasty  that  water  was  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  t 
slightoesB  of  my  clothing,  which  makes  me  fed  t 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20. — In  my  stomach  there  is  terrible  coi 
motion ;  hunger,  and,  above  all,  thirst,  become  mo 
and  more  frightful.  For  three  days  there  has  been  ] 
rain.  Would  that  I  could  lick  up  the  water  from  t 
mushrooms  now  ! 

"  Sept  21. — Unable  to  endure  the  tortures  of  thin 
I  crawled  with  great  labour  to  an  inn,  where  I  boiig 
a  bottle  of  beer,  which  did  not  quench  my  thirst.  1 
the  evening  I  drank  some  water  from  the  pump,  M 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  ma 
less  write.  To-day  thirst  made  me  go  to  the  puni 
the  water  was  icy  cold,  and  made  me  sick.  I  had  co 
vnlaiona  until  evening ;  nevertheless,  I  returned  to  &, 
pump. 

"  Sept.  26. — My  legs  seem  dead.  For  three  days 
have  been  unable  to  go  to  the  pump.  Thirst  increaa 
My  weakness  is  such  that  I  could  scarcely  trace  tin 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.     It  \ 
rained.    My  clothes  are  not  dry.     No  one  would  ] 
lieve  how  much  I  suffer.     During  the  rain  some  ( 
fell  into  my  mouth,  which  did  not  quench  my  t 
Yesterday  I  saw  a  peasant  about  ten  yards  from  me. 
,  bowed  to  him.     He  returned  my  salutation.     It  is  fi 


THE  SENSATION  OF  HUNGEB.  27 

great  regret  I  dia    Weakness  and  conynlsions  prevent 

my  writing  more.     I  feel  this  is  the  last  time '' 

This  pathetic  case  illustrates,  as  indeed  all  other 
cases  do,  the  truth  that  Thirst  is  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  never  seems  to  have 
fiiltered  in  his  determination  to  refrain  from  food.  It 
will  be  further  noticed  that  he  ceases  to  complain  of 
the  cold  when  thirst  sets  in  fiercely,  because  then  fever 
had  also  supervened. 

VI  The  Sensation  of  Hunger — The  sensation 
of  Himger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged.  The  sense  of  keen 
appetite  is  delightfiil,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  passes  from  an  uneasy 
sensation  mto  positive  pain.  The  pain  soon  becomes 
acute ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
Btomach  were  being  torn  by  pincers.  This  is  followed 
by  a  state  of  general  exhaustion,  feverishness,  head- 
adie,  li^t-headedness,  often  flaming  into  madness. 
The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 

Bat  let  us  avert  our  eyes  from  such  scenes,  and  turn 
them  on  that  of  the  eight  colliers,  who  were  shut  up 
in  a  pit  for  one  hundred  and  thirty-six  hours.*    The 

*  TUs  oaw  !■  quoted  hy  Lonoet  in  his  Tratii  da  Phi/nologie,  1857. 
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lick  up  the  water  which,  still  rested  on  the  mashroomi,! 
How  nasty  that  water  was  ! 

"  Sept.  19.— The  cold,  the  length  of  the  nighta,  t 
slightneSB  of  my  clothing,  which  makes  me  feel  t 
cold  more  keenly,  have  given  me  great  suffering. 

"  Sept.  20.— In  my  stomach  there  is  terrible  com 
motion ;  hunger,  and,  above  all,  thirst,  become  t 
and  more  frightful  For  three  days  there  has  been  n 
rain.  Would  that  I  could  lick  up  the  water  &om  thf 
mushrooms  now  ! 

"  Sept  21.^TJnable  to  endure  the  tortures  of 
I  crawled  with  great  labour  to  an  inn,  where  I  1 
a  bottle  of  beer,  which  did  not  quench  my  thirst, 
the  evening  I  drank  some  water  from  the  pump,  nea 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  mut^ 
less  write.  To-day  thirst  made  me  go  to  the  pump4 
the  water  was  icy  cold,  and  made  me  sick.  I  had  c 
VTilsions  until  evening ;  nevertheless,  I  returned  to  th( 
pump, 

"  Sept.  26. — My  legs  seem  dead.     For  three  d 
have  been  unable  to  go  to  the  pump.    Thirst  increaa 
My  weakness  is  such  that  I  could  scarcely  trace  t 
lines  to-day. 

"  Sept.  29. — I  have  been  unable  to  move.  It  \ 
rained.  My  clothes  are  not  diy.  No  ojie  would  1 
lieve  how  much  I  suffer.  During  the  rain  some  i 
fell  into  my  mouth,  which  did  not  quench  my  t 
Yesterday  I  saw  a  peasant  about  ten  yards  from  m 
bowed  to  him.     He  returned  my  salutation.     It  is  ii 


THE  SENSATION  OF  HtWGKB.  27 

»t  regret  I  die.  Weakness  and  convnlsiona  prevent 
my  writing  more.     I  feel  this  is  the  last  time " 

Thi3  pathetic  case  illustrates,  as  indeed  all  other 
cases  do,  the  truth  that  Thirst  is  far  more  terrible  than 
Hunger.  The  man's  resolution  was  not  strong  enough  to 
resist  the  desire  for  drint,  yet  he  never  seems  to  have 
j^ialtered  in  Ms  determination  to  refrain  from  food.  It 
e  further  noticed  that  he  ceases  to  complain  of 

B  cold  when  thirst  sets  in  fiercely,  because  then  fever 

d  also  supervened 


YL  The  Sensation  or  Hungee. — The  sensation 

Hunger  is  at  first  rather  agreeable,  but  it  quickly 
i  unpleasant  if  prolonged  The  sense  of  keen 
appetite  is  delightful,  but  that  "  sinking  in  the  stom- 
ach" which  ensues,  quickly  passes  from  an  uneasy 
sensation  into  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
stomach  were  being  torn  by  pincers.  This  is  followed 
by  a  state  of  general  exhaustion,  feveriahness,  head- 
ache, light-headedness,  often  flaming  into  madness. 
The  whole  being  seems  possessed  by  one  desire,  before 
which  even  the  energetic  instinct  of  maternity  has  been 
.Renown  to  give  way,  and  mothers  have  actually  dis- 
mted  with  their  companions  for  the  flesh  of  their  dead 
children. 

But  let  us  avert  our  eyes  from  such  scenes,  and  turn 
them  on  tJiat  of  the  eight  colliers,  who  were  shut  up 

a  pit  for  one  hundred  and  thirty-six  hours.*    The 

This  COM  ia  iprnted  by  LoSOKT  ia  Im  Traiil  di  Phjiuilopt,  1 867, 
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lick  up  the  water  wliich  still  rested  on  the  mushroom; 
How  nasty  that  water  was  ! 

"  Sept.  19. — The  cold,  the  length  of  the  nights,  ^ 
slightnesa  of  my  clothing,  which  makes  me  feel  t 
cold  more  keenly,  have  given  me  great  sufifering. 

"  Sept.  20. — In  my  stomach  there  is  terrible  coBS 
motion ;  hunger,  and,  above  all,  thirst,  become  mat 
and  more  frightful  For  three  days  there  has  been  xj 
rain.  Would  that  I  couid  lick  up  the  water  from  t 
mushrooms  now  ! 

"  Sept  21. — Unable  to  endnre  the  tortures  of  thi 
I  crawled  with  great  labour  to  an  inn,  where  I  bonj 
a  bottle  of  beer,  which  did  not  quench  my  thirst 
the  evening  I  drank  s&me  water  from  the  pump,  ofij 
the  inn  where  I  bought  the  beer. 

"  Sept.  23. — Yesterday  I  could  scarcely  move,  miM 
less  write.     To-day  thirst  made  me  go  to  the  pum^ 
the  water  was  icy  cold,  and  made  me  sick     I  had  o 
vuisions  until  evening  ;  nevertheless,  1  returned  to  t 

"Sept.  26. — My  legs  seem  dead.     For  three  dayai 
have  been  unable  to  go  to  the  pump.    Thirst  lucre 
My  weakness  is  such  that  I  could  scarcely  trace  thel 


"  Sept.  29. — 1  have  been  unable  to  mova 
rained.    My  clothes  are  not  dry.     No  one  would  1 
lieve  how  much  I  suffer.    During  the  rain  some  c 
fell  into  my  mouth,  which  did  not  quench  my  i. 
Yesterday  I  saw  a  peasant  about  ten  yards  from  ma  j 
I  bowed  to  him.     He  returned  my  salutation.     It  la  n 


THE  SENSATION  OF  HCFGER, 

3at  regret  I  die,  'Weakness  and  convulsions  prevent 
IKiyTiitiiiginore.  I  feel  this  is  the  last  time  ....." 
This  pathetic  case  illustrates,  as  indeed  all  other 
laaea  do,  the  truth  that  Thirst  m  far  more  terrible  than 
Hunger.  The  man'a  resolution  was  not  strong  enough  to 
resist  the  desire  for  drink,  yet  he  nevtr  seems  to  have 
(altered  in  his  determination  to  refrain  from  food.  It 
Srill  be  further  noticed  that  he  ceases  to  complain  of 
he  cold  when  thirst  sets  in  fiercely,  because  then  fever 
i  also  supervened 


"VX  The  Sensation  of  Hitngee. — The  sensation 
of  Hnnger  is  at  first  rather  agreeable,  but  it  quickly 
becomes  unpleasant  if  prolonged  The  sense  of  keen 
appetite  is  delightfnl,  but  that  "  aiDking  in  the  slom- 
ach"  which  ensues,  quickly  passes  from  an  uneasy 
aensation  mto  positive  pain.  The  pain  soon  becomes 
acute  ;  and  if  food  be  still  withheld,  we  feel  as  if  the 
Btomach  were  being  torn  by  pincers.  This  is  followed 
■by  a  state  of  general  exhaustion,  feverishness,  head- 
Ache,  light-headedness,  often  flaming  into  madness. 
The  whole  being  seems  possessed  by  one  desire,  before 
which  oven  the  energetic  instinct  of  maternity  has  been 
known  to  give  way,  and  mothers  have  actually  dis- 
puted with  their  companions  for  the  flesh  of  their  dead 

lildren. 

But  let  us  avert  oar  eyes  from  such  scenes,  and  turn 
them  on  that  of  the  eight  colliers,  who  were  shut  up 
in  a  pit  for  one  hundred  and  thirty-six  hours.*     The 

Thii  Ea»  iJ>  qnnted  b;  Lo^OET  is  bis  Traill  di  PhytCoUgia,  1667. 
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first  day  they  shared  bctweeu  thetu  half  a  pound  < 
bread,  a  morsel  of  cheese,  and  two  luuga  of  wine,  whio 
one  of  them  had  brought  into  the  mine,  and  refused  t 
keep  for  himself  alone.  Two  of  the  men  had  eaten  bo 
fore  descending  into  the  mine,  and  they  generously  da 
dared  that  they  should  not  die  sooner  than  the  othen 
and  would  not  share  the  small  supply  of  food.  It  i 
very  remarkable  that  these  men,  who  for  five  days  ha 
no  nourishment  whatever,  declared,  when  they  i 
rescued,  that  their  abstinence  had  not  greatly  incon 
venienced  them.  If  we  knew  more  of  the  circumstance 
we  might  perhaps  explain  this  now  inexplicable  fiiet 

What  causes  the  sensation  of  Hunger  ? 

It  has  been  seen  that  the  absence  of  food  needed  1 
repair  the  waste  of  tissue  is  the  primary  cause ;  but  i 
has  also  been  seen  that  this  primary  cause  may  e 
without  the  existence  of  that  sensation  known  to  b 
as  Hunger.  Ail  animals  need  food,  but  we  have  n 
ground  for  supposing  that  polypes,  jeliy-fish,  and  othe 
simpler  animals  destitute  of  a  nervous  system,  feel  th 
sensation  of  Hunger  ;  we  must  therefore  seek  for  aam 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Huuger  arises  from  enq 
tiness  of  the  stomach,  which  emptiness,  according  t 
some  physiologists,  allows  the  walls  of  the  stomach  t 
rub  against  each  other,  and  then  the  friction  causes  tl 
sensation. 

It  is  easy  to  show  the  inaccuracy  of  this  hypothi 
sis,  but  two  facts  will  suffice  here ;  first,  the  s 
is  always  empty  some  time  before  Hunger  is  felt ;  a 
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condJy,  it  may  be  empty  for  days  together — in  iUnesa — 
without  the  slightest  sensation  of  Hunger  being  felt. 

Another  notion  ia  that  the  gastric  juice  accumulates 
in  the  stomach,  and  attacks  its  walls.  Such  a  cause 
ronld  certainly  be  ample  for  the  effect,  and  I  know 
at  of  one  objection  to  our  accepting  it,  namely,  that  the 
tot  on  which  the  explanation  rests  is  unfortunately  a 

tion ;  the  gastric  joice  does  Twt  accumulate  in  the 
inply  stomach,  but  is  only  secreted  after  the  stimulus 
ffood. 

A  more  ingenious  explanation  has  been  propounded 

f  Dr  Beaumont,  whose  name  is  always  cited  when 

igestion  is  under  discussion,  because  he  was  enabled 
'  enrich  science  with  many   valuable   observations 

tde  on  a  patient  who  had  a  hole  in  his  stomach, 
reduced  by  a  gunshot  wound.  "  During  the  hours 
F  fasting,"  says  Dr  Beaumont,  "the  gastric  juice  is 
lowly  being  secreted  in  the  follicles  •  and  retained  in 
r  tubes,  thereby  distending  them  :  this  distension, 
Then  moderate,  produces  the  sensation  of  Appetite ; 
rhen  more  powerful,  of  Hunger." 

There  are  several  analogies  which  give  colour  to  this 
rplanation.  Thus,  milk  is  slowly  accumulated  in  the 
ireast,  and  the  sense  of  fulness,  if  unrelieved,  soon 
asses  into  that  of  pain.  But  ingenious  as  the  explan- 
ition  is,  a  closer  scrutiny  causes  us  to  reject  it. 

Out  of  many  arguments  which  might  be  urged,  I 

The /ollicCa  aio  amall  secreting  glands  in  the  lining  mombnma  of 
jtonuuih.    They  will  be  dsBoribed  and  figured  in  the  chapter  on 
and  iHDioisnoir,  fig.  5. 


first  day  they  sliared  between  them  lialf  a  pon 
bread,  a  morsel  of  cheese,  and  two  mugs  of  wine,  i 
one  of  them  Lad  brought  into  the  mine,  and  refiU 
keep  for  himself  alone.  Two  of  the  men  bad  eate 
fore  descending  into  the  mine,  and  thejgeneroiui 
clored  that  they  should  not  die  sooner  than  the  0 
and  would  not  share  the  small  supply  of  food. 
veiy  remarkable  that  these  men,  who  for  five  daji 
no  nourisliment  whatever,  declared,  when  they 
rescued,  that  their  abstinence  had  not  greatly  i 
venienced  them.  If  we  knew  more  of  the  ciroumsh 
we  might  perhaps  explain  this  now  inexplicable  fi 

What  causes  the  sensation  of  Hunger  1 

It  bas  been  seen  that  the  absence  of  food  need 
repair  the  waste  of  tissue  is  the  primary  cause ;  1 
has  also  been  seen  that  this  primary  cause  may 
without  the  existence  of  that  sensation  known 
as  Hunger.  All  animals  need  food,  but  we  ha 
ground  for  supposing  that  polypes,  jelly-fish,  and 
simpler  animals  destitute  of  a  nervous  system,  fe 
sensation  of  Hunger  ;  we  must  therefore  seek  foi 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arises  from 
tiness  of  the  stomach,  which  emptiness,  accord 
some  physiologists,  allows  the  walls  of  the  stem: 
rub  against  each  other,  and  then  the  friction  caui 
sensation. 

It  is  easy  to  show  the  inaccuracy  of  this  hy 
sis,  but  two  facts  will  suffice  here :  firsts  the  st( 
is  always  empty  some  time  before  Hunger  is  fel 
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t  may  be  empty  for  days  together — in  illness — 

Hie  slightest  sensation  of  Hunger  being  felt. 

r  notion  ia  tliat  the  gastric  juice  accumulates 

|otQach,  and  attacks  its  walls,     gueh  a  cause 

utajnly  be  ample  for  the  effect,  and  I  know 

e  objection  to  our  accepting  it,  namely,  that  the 

■rtich  the  explanation  rests  is  unfortunately  a 

3  gastric  juice  does  not  accumulate  in  the 

mach,  but  is  only  secreted  after  the  stimulus 

ingenious  explanation  has  been  propounded 
,umont,  whose  name  ia  alwa-ya  cited  when 
under  discussion,  because  he  was  enabled 
science  with  many  valuable  observations 
a  patient  who  had  a  hole  in  hia  stomach, 
by  a  gunshot  wound.  "  During  the  hours 
,"  says  Dr  Beaumont,  "the  gastric  juice  is 
Dg  secreted  in  the  follicles  "  and  retained  in 
thereby  distending  them  ;  this  distension, 
leiate,  produces  the  sensation  of  Appetite ; 
powerful,  of  Hunger." 

!  several  analogies  which  ^ve  colour  to  this 
.  "Hius,  milk  is  slowly  accumulated  in  the 
id  the  sense  of  fidness,  if  nordieTed,  soon 
of  pain.  But  iagenioua  as  the  explao- 
;  closer  BcretJnr  cwwes  as  to  reject  it. 

jMQoiaits  wbitA   might  be  urged,  I 


first  day  they  Hhared  between  them  ha 

bread,  a  morsel  of  cheese,  and  two  mugs  ■ 
one  of  them  had  brought  into  the  mine,  and  refused  t) 
keep  for  himself  alone.  Two  of  the  men  had  eaten  in 
fore  descending  Lnto  the  mine,  and  they  generously  d( 
elared  that  they  should  not  die  sooner  than  the  othed 
and  would  not  share  the  small  supply  of  food.  It  | 
veiy  remarkable  that  these  men,  who  for  five  days  1 
no  nourishmeut  whatever,  declared,  when  they  n 
rescued,  that  their  abstinence  had  not  greatly  ined 
venienced  them.  K  we  knew  more  of  the  circumatd 
we  might  perhaps  explain  this  now  inexplicable  fuu 

"What  causes  the  sensation  of  Hunger  i 

It  has  been  seen  that  the  absence  of  food  nee 
repair  the  waste  of  tissue  is  the  primly  cause ; 
has  also  been  seen  that  this  primary  cause  mayS 
without  the  existence  of  that  sensation  known  J 
as  Hunger.     All  animals  need  food,  but  we  I 
ground  for  supposing  that  polypes,  jelly-fiah,  andJ 
simpler  animals  destitute  of  a  nervous  system,  i 
sensation  of  Hunger  ;  we  must  therefore  seek  fofl 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arises  fi 
tiness  of  the  stomach,  which  emptiness,  accord 
some  physiologists,  allows  the  walls  of  the  stoBj 
rub  against  each  other,  and  then  the  friction  a 
sensation. 

It  is  easy  to  show  the  inaccuracy  of  this  1^ 
sis,  but  two  facts  will  suffice  here :  first,  the  » 
is  always  empty  some  time  before  Hunger  ia  a 
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ly,  it  may  be  empty  for  days  together — in  iEnesa — 
3iit  the  alightest  sensation  of  Hunger  being  felt 
nother  notion  is  that  the  gastric  juice  accumulates 
£  stomach,  and  attacks  its  walls.  Such  a  cause 
d  certainly  be  ample  for  the  effect,  and  I  know 
■f  one  objection  to  our  accepting  it,  namely,  that  the 
in  which  the  explanation  rests  ia  unfortunately  a 
n ;  the  gastric  juice  does  not  accumulate  in  the 
y  stomach,  but  is  only  secreted  after  the  stimulus 


Ibore  ingenious  explanation  has  been  propounded 
'  Beaumont,  whose  name  ia  always  cited  when 
jlion  is  under  discussion,  because  he  was  enabled 
science  with  many   valuable    observations 
,  a  patient  who  had  a  hole  in  his  stomach, 
I  ty  a  gunshot  woimd.     "  During  the  hours 
;,"  says  Dr  Beaumont.  "  the  gastric  jnice  is 
d  in  the  follicles  *  acd  retained  in 
.,  thereby  distending  them  :  this  distension, 
(derate,  produces  the  sensation  of  Appetite ; 
e  powerful,  of  Hunger." 
B  sereral  analogies  which  give  colour  to  this 
Thus,  milk  is  slowly  accumuJated  in  the 
the  sense  of  fulness,  if  unxolieved,  soon 
Ithat  of  pain.     But  ingenioua  as  the  explan- 
lloser  scrutiny  causea  us  to  reject  it. 

y  uguments  which  might  be  urged,  I 


k 


28  HUNOKa  AND  THTBR. 

first  day  they  uharod  between  them  h; 
bread,  a  morsel  of  cheese,  and  two  mugs 
one  of  them  liad  brought  into  the  mine,  and  refused  to 
keep  for  himself  alone.  Two  of  the  men  bad  eaten  be- 
fore descending  into  the  mine,  and  they  generously  de- 
chired  that  they  should  not  die  sooner  than  the  others^ 
and  would  not  share  the  small  supply  of  food.  It  ii 
very  remarkable  that  these  men,  who  for  five  days  tud 
no  nourishment  whatever,  declared,  when  they  were 
rescued,  that  their  abstinence  had  not  greatly  incDB.- 
venienced  them.  If  we  knew  more  of  the  circnmstancea, 
we  might  perhaps  explain  this  now  inexpUcable  fact 
What  causes  the  sensation  of  Hunger  I 
It  has  been  seen  that  the  absence  of  food  nee 
repair  the  waste  of  tissue  is  the  primary  cause ;  1 
has  also  been  seen  that  this  primary  cause  may  e&lt 
without  the  existence  of  that  sensation  known  to  uj 
aa  Hunger.  All  animals  need  food,  but  we  have  no 
ground  for  supposing  that  polypes,  jelly-fish,  and  other 
simpler  animals  destitute  of  a  nervous  system,  feel  the 
sensation  of  Hunger  ;  we  must  therefore  seek  for  soiBe 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arises  from  &op- 
tiness  of  the  stomach,  which  emptiness,  according  to 
some  physiologists,  allows  the  walls  of  the  stomach  to 
rub  against  each  other,  and  then  the  friction  canaeaA* 


.Die  laoL 

needfloH 
se;  b^ 


It  is  easy  to  show  the  inaccuracy  of  this  hypOlihe- 
■ia,  but  two  facts  will  suffice  here :  first,  the  stomaok 
s  always  empty  some  time  before  Hunger  is  felt ;  sB- 
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Bcondly,  it  may  be  empty  for  days  together — in  illness — 
jithout  the  slightest  eenaation  of  Htmger  being  felt. 
I  Another  notion  is  that  the  gastric  jiiic«  accumulates 
I  the  stomach,  and  attacks  its  walls.  Such  a  cause 
uld  certainly  be  ample  for  the  effect,  and  I  know 
i  of  one  objection  to  onr  accepting  it,  namely,  that  the 
t  on  which  the  eiq>laQation  rests  is  nnfortunately  a 
ition ;  the  gastric  juice  does  fiot  accumulate  in  the 
kpty  stomach,  bat  is  only  secreted  after  the  stimulus 
Vood. 

L  more  ingenioas  explanation  has  been  propounded 
r  Dr  Beaumont,  whose  name  is  always  cited  when 
uestion  is  under  discussion,  because  he  was  enabled 
L  enrich  science  with  many  valuable  observations 
tde  on  a  patient  who  had  a  hole  in  his  stomach, 
L  by  a  gunshot  wound.  "  During  the  hours 
Bting,"  says  Dr  Beaumont,  "the  gastric  juice  is 
miy  being  secreted  in  the  follicles  *  and  retained  in 
r  tubes,  thereby  distending  tiem  :  this  distension, 
I  moderate,  produces  the  sensation  of  Appetite ; 
Bm  more  powerfol,  of  Hunger." 
lieia  are  several  analogies  which  g^ve  colour  to  this 
ation.  Thus,  milk  is  slowly  accumulated  in  the 
,  and  the  sense  of  fulness,  if  unreliered,  soon 
8  into  that  of  pain.  But  ingenious  as  the  explan- 
B  is,  a  closer  scrutiny  causes  us  to  reject  it. 
t  of  many  arguments  which  might  be  urged,  I 

fgJitllicUi  are  small  Eocreting  glojids  in  tbe  lining  membratie  at 
,    They  will  ba  described  and  figurad  in  the  oLapler  o: 
B  and  Imiiois'noTr,  tg.  S. 


38  HmtOHt  Aso  rmasfc. 

first  day  they  shared  between  them  half  a  pound  d 
bread,  a  morsel  of  cheese,  and  two  mugs  of  wine,  whidt 
one  of  them  had  brought  into  the  mine,  and  refused  tsj 
keep  for  himself  alone.     Two  of  the  men  had  est«n  h 
fore  descending  iiito  the  mine,  and  they  generously  di 
Glared  that  tliey  should  not  die  sooner  than  the  otli 
and  would  not  sltare  the  small  supply  of  food. 
very  remarkable  that  these  men.  who  for  five  days  h 
no  nourishment  whatever,  declared,  when  they  n 
rescued,  that  their  abstinence  bad  not  greatly  inW 
venienced  them.    If  we  knew  more  of  the  cireumstai 
we  might  perhaps  explain  this  now  inexplicable  fad 

What  causes  the  sensation  of  Hunger  ? 

It  has  been  seen  that  the  absence  of  food  n 
repair  the  waste  of  tissue  is  the  primary  cause ;  bn 
has  also  been  seen  that  this  primary  cause  may  a 
without  the  existence  of  that  sensation  known  ^ 
as  Hunger.     All  animals  need  food,  but  we  b 
ground  for  supposing  that  polypes,  jelly-fish,  B 
simpler  animals  destitute  of  a  ncrvou 
sensation  of  Hunger  ;  we  must  therefore  seA  & 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arii 
tineas  of  the  stomach,  which  emptiness,  i 
some  physiologists,  allows  the  walls  of  the  si 
rub  against  each  other,  and  then  the  frlctioii  tt 
sensation. 

It  is  eaay  to  show  the  inaccuracy  of  i 
sis,  but  two  facta  will  sufBce  here :  firsl^  ti 
is  always  empty  some  time  before  Hunger  il 
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yl"  it  may  be  empty  for  days  together — in  illness — 

ut  the  slightest  sensation  of  Hunger  being  felt 
other  notion  is  that  the  gastric  juice  accumulates 
!  stomach,  and  attacks  its  walls.  Such  a  cause 
I  certaialy  be  ample  for  the  effect,  and  I  know 
f  one  objection  to  our  accepting  it,  namely,  that  the 
n  which  the  explanation  rests  is  unfortunately  a 
1 ;  the  gastric  juice  does  no(  accumulate  in 
T  stomach,  but  is  only  secreted  after  the  stimulus 
d. 

nore  ingenious  explanation  has  been  propounded 
p  Beaumont,  whose  name  is  always  cited 
lion  is  under  discussion,  because  he  was  enabled 
rich  science  with  many  valuable  observations 
on  a  patient  who  had  a  hole  in  hia  stomach, 
'  by  *  gunshot  wound.  "  During  the  hours 
Z,"  says  Dr  Beaumont,  "  the  gastric  juice  is 
T  secreted  in  the  follicles  *  and  retained  in 
I,  thereby  distending  them  :  this  distension, 
•derate,  produces  the  sensation  of  Appetite ; 
B  powerful,  of  Hunger," 
s  several  analogies  which  give  colour  to  this 
Thus,  miik  is  slowly  accumulated  in  the 
i  the  sense  of  fulness,  if  unrelieved,  soon 
■that  of  pain.  But  ingenious  as  the  explan- 
Boser  scrutiny  causes  us  to  reject  it. 
VnV  arguments  wliieh  might  be  urged,  I 

Ti  anjall  soorotingglttrdsia  the  lining  mombrana  o! 
^y  ^  bs  doaoribed  and  figured  in  tha  du^jter  on 
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first  day  they  shared  bc-twecu  them  liolf  a  poaod  i 
bread,  a  morael  of  clieese,  and  two  mugs  of  wine,  whic 
one  ui  them  ha<i  bi-onght  into  the  mine,  and  refused  t 
keep  f<ir  liimself  alone.  Two  of  the  men  had  eaten  bi 
fore  descending  ijito  the  mine,  and  they  generously  d( 
clared  tbat  they  should  not  die  sooner  than  the  otkoi 
and  would  not  share  the  small  supply  of  food  It  i 
very  remarkable  that  these  men,  who  for  five  days  bW 
no  nouriahment  wliatever,  declared,  when  they  WB 
rescued,  that  their  abstinence  had  not  greatly  iiiOi» 
venienced  them.  If  wekncwmoreofthocircumstuiSrt 
we  might  perhaps  explain  this  now  inexphcable  ftotj 

What  causes  the  sensation  of  Hunger  ? 

It  has  been  seen  that  the  absence  of  food  needeii 
repair  the  waste  of  tissue  is  the  primary  cause ;  boi 
has  also  been  seen  that  this  primary  cause  may  Si 
without  the  existence  of  that  sensation  knowa  te 
as  Hunger.  All  animals  need  food,  but  we  liiwj 
ground  for  supposing  that  poJypes,  jeUy-fish,  and  ofl 
simpler  animals  destitute  of  a  nervous  system,  fsel  t 
sensation  of  Hunger  ;  we  must  therefore  seek  fori 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arises  froiai 
tiness  of  the  stomach,  which  emptiness,  according; 
some  physiologists,  allows  the  walls  of  the  stosudl 
rub  agaiiiBt  each  other,  and  then  the  friction  causa) 
sensation. 

It  is  easy  to  show  the  inaccuracy  of  this  "iijflA 
sis,  but  two  facts  will  sufBee  here :  first,  the  stoffl 
is  always  empty  some  time  before  Hunger  ia  felt; 
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f,  it  may  be  empty  for  days  together — in  illness — 
It  the  slightest  sensation  of  Hunger  being  felt 
other  notion  is  that  the  gastric  juice  accumulates 
I  stomach,  and  attacks  its  walla.  Such  a  cause 
i  certainly  be  ample  for  the  effect,  and  I  know 
'  one  objection  to  our  accepting  it,  namely,  that  the 
B  which  the  explanation  rests  is  unfortunately  a 
i ;  the  gastric  juice  does  not  accumulate  in  the 
f  Btomach,  but  is  only  secreted  after  the  stimulus 

lore  ingenious  explanation  haa  been  propounded 
Beaumont,  whose  name  is  always  cited  when 
Ion  is  under  discussion,  because  be  was  enabled 
ich  science  with  many  valuable  observations 
on  a  patient  who  bad  a  hole  in  bis  stomach, 
ed  by  a  gunshot  woimd.  "  During  the  hours 
ing,"  says  Dr  Beaumont,  "  the  gastric  juice  is 
b^ng  eecreted  in  the  follicles  *  and  retained  in 
ibes,  thereby  distending  them  :  this  distension, 
noderate,  produces  the  sensation  of  Appetite ; 
M»e  powerful,  of  Hunger." 
B  are  several  analogies  which  give  colour  to  this 
iaon.  Thus,  milV  is  slowly  accumulated  in  the 
and  the  sense  of  fulness,  if  unrelieved,  soon 
iato  that  of  pain.  But  ingenious  as  the  explan- 
^  a  closer  scrutiny  causes  us  to  reject  it, 
rf  many  arguments  which  might  be  urged,  I 

itUieUi  arc  small  eocrotin^  glands  id  tiie  lining  membrane  of 
They  will  ba  described  and  figured  ]n  the  ohspter  on 
iHDiaBSTioS,  Eg.  5. 


■end  iHDiaBS' 
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first  day  they  Kliared  between  them  half  a 
bread,  a  morsel  of  cheese,  and  two  mugs  of  winev 
one  of  them  had  brought  into  the  mine,  and  refused  t 
keep  for  hluiself  alone.  Two  of  the  men  had  eaten  be 
fore  descending  into  the  mine,  and  they  generouily  da 
clsred  that  they  should  not  die  sooner  than  the  othsn 
and  would  not  share  the  small  supply  of  food.  It  El 
very  remarkable  that  these  men,  who  for  Sve  days  M 
no  nourishmeut  whatever,  declared,  when  they  ifH| 
rescued,  that  their  abstinence  had  not  greatly  inco^ 
venienced  them.  If  we  knew  more  of  the  eircumst»iu)e| 
we  might  perhaps  explain  this  now  inexphcable  fadi 

What  causes  the  sensation  of  Hunger  ? 

It  has  been  seen  that  the  absence  of  food  needi^j 
repair  the  waste  of  tissue  is  the  primary  cause;  bst 
has  also  been  seen  that  this  piimory  ca\ 
without  the  existence  of  that  sensation  known  tiri 
as  Hunger.  All  animals  need  food,  but  we  h»w{ 
ground  for  supposing  that  polypes,  jelly-fish,  andet 
simpler  animals  destitute  of  a  nervous  system,  fed' 
sensation  of  Hunger  ;  we  must  therefore  seek  for « 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arises  from  0 
tinesB  of  the  stomach,  which  emptiness,  accoitUni 
some  physiologiats,  allows  the  walls  of  the  stfHMll 
nib  agamst  each  other,  and  then  the  friction 
sensation. 

It  IS  ea^  ^j  show  the  inaccuracy  of  this  Iq^pi 
^s,  b«**WQ  facts  will  sufEce  here:  first,  the  ' 
is  al'**'  ^*  etnpty  some  time  before  Hunger  is  folt ; 
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r,  it  may  be  empty  for  days  together — in  illness — 
at  the  slightest  sensation  of  Hanger  being  felt 
other  notion  is  that  the  gastric  juice  accumulates 
stomach,  and  attacks  its  walla.  Such  a  cause 
I  certainly  be  ample  for  the  effect,  and  I  know 
'one  objection  to  our  accepting  it,  namely,  that  the 
D  which  the  eicplanation  rests  is  unfortunately  a 
i ;  the  gastric  juice  does  not  accumulate  in  the 
I  stomach,  but  ia  only  secreted  after  the  stimulus 

i  .  ■ 

pore  ingenious  explanation  has  been  propounded 
t  Beaumont,  whose  name  is  always  cited  when 
km  is  under  discussion,  because  he  was  enabled 
ich  science  with  many  valuable  observations 
a  patient  who  had  a  hole  in  his  stomach, 
ed  by  a  gunshot  wound.  "  During  the  hours 
saya  Dr  Beaumont,  "  th«  gastric  juice  is 
being  secreted  in  the  follicles  •  and  retained  in 
obes,  thereby  distending  them  ;  this  distension, 
noderate,  produces  the  sensation  of  Appetite ; 
lore  powerful,  of  Hunger." 

iveral  analogies  which  give  colour  to  this 
Thus,  Qulk  is  slowly  accumulated  in  the 
and  the  sense  of  fulness,  if  unreUeved,  soon 
ito  that  of  pain.  But  ingenious  as  the  esplan- 
a  closer  scrutiny  causes  us  to  reject  it, 
tf  many  arguments  which  might  be  urged,  I 

fUicla  am  Bmnll  secreting  glands  in  the  lining  mcmbmiie  of 
They  will  be  described  and  figured  in  tlis  cLi^tet  on 
iBDIQBBnOf,  Bg.  S. 
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member  that  food  in  the  stomach  is  as  much  outside 
the  organism  aa  if  it  were  in  the  hand-  The  digestive 
J  is  nothing  but  a  folding-iii  of  the  general  enve- 
ape,  like  the  inverted  finger  of  a  glove ;  and  until  the 
ftjsorbent  vessels  carry  the  food  from  the  stomach,  into 
^e  circulating  system,  the  food  remains  outside. 

Here,  then,  are  two  noticeable  facts  :  we  may  relieve 
the  sensation  of  Hunger  without  directly  acting  on  the 
tomach,  the  mere  supply  of  food  to  the  blood  sufficing ; 
ittid  we  may  reheve  the  sensation  simply  by  acting  on 
J  stomach,  the  want  of  food  being  as  great  aa  be- 
fore. Do  not  these  facts  indicate  that  Hunger  must 
e  relatfid  to  the  general  state  of  the  ^stem,  and  to  the 
tarticular  state  of  the  stomach  ?  If  we  once  regaxd 
the  subject  in  this  light,  we  shall  be  easily  led  to  per- 
ceive that  although  the  general  state  of  the  system, 
under  deficiency  of  food,  is  the  primary  caii^e  of 
Hunger,  it  is  only  so  in  as  far  aa  it  produces  a  certain 
gondition  of  the  stomach  ;  and  this  condition  of  the 
stomach  is  the  proximate  cams  of  the  sensation. 

I  think  this  mode  of  viewing  it  will  extricate  ua 
from  the  difficulties  which  have  been  brought  forward 
in  the  many  discussions  as  to  whether  the  stomach,  or 
one  part  of  the  nervous  system,  is  the  Beat  of  Hunger. 
The  stomach  is  the  seat  of  the  sensation,  just  as  the 
eyes  are  the  seat  of  the  sensation  of  sleepiness :  the 
ineral  state  of  exhaustion  causes  the  eyes  to  droop 
heavily,  and  the  genenJ  state  of  the  system  causes  the 
Irtiomach  to  produce  the  sensation  of  hunger ;  and  as  in 
rieepiness  we  may  relieve  the  sensation  by  bathing  the 


first  day  they  shared  between  them  half  a  pound  o 
bread,  a  morsel  of  cheese,  and  two  mugs  of  wine,  whi 
one  of  them  had  brought  into  the  mine,  and  refused  ^ 
keep  for  himself  alone.     Two  of  the  men  had  eaten  b 
fore  descending  into  the  mine,  and  they  generously  d 
dared  that  they  should  not  die  sooner  than  the  othec 
and  would  not  share  the  small  supply  of  food, 
veiy  remarkable  that  these  men,  who  for  five  days  1 
no  nourishment  whatever,  declared,  when  they  i 
rescued,  that  their  abstinence  had  not  greatly  inc£ 
venienced  them.   If  we  knew  more  of  the  circumstance 
we  might  perhaps  explain  this  now  inexplicable  fi 

What  causes  the  sensation  of  Hunger  ! 

It  has  been  seen  that  the  absence  of  food  needed  fl 
repair  the  waste  of  tissue  is  the  primary  cause ;  but  1 
has  also  been  seen  that  this  primary  cause  may  e 
without  the  existence  of  that  sensation  known  t 
as  Hunger.     All  animals  need  food,  but  we  hav 
ground  for  supposing  that  polypes,  jelly-fish,  and  othj 
simpler  animals  destitute  of  a  nervous  system,  feel  1; 
sensation  of  Hunger  ;  we  must  therefore  seek  for  si 
more  proximate  cause  of  this  sensation. 

The  popular  notion  is  that  Hunger  arises  from  e 
tiness  of  the  stomach,  which  emptiness,  according  i 
some  physiologists,  allows  the  walls  of  the  stonmdi  I 
rub  against  each  othcTj  and  then  the  friction  causes  ^ 
sensation. 

It  is  easy  to  show  the  inaccuracy  of  this  hypoth 
sis,  but  two  facts  will  suffice  here :  first,  the  s 
is  always  empty  some  time  before  Hunger  is  f( 
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mdly,  it  may  be  empty  for  < 


s  together 


n  illness — 


without  tlie  slightest  sensation  of  Hunger  being  felt. 

Another  notion  is  that  the  gastric  juice  accumulates 
in  the  stomach,  and  attacks  its  walls.  Snch  a  cauae 
would  certainly  be  ample  for  the  effect,  and  I  know 
but  of  one  objection  to  our  accepting  it,  namely,  that  the 
fact  on  which  the  explanation  rests  is  unfortunately  a 
ction  ;  the  gastric  juice  does  not  accumulate  in  the 
mpty  stomach,  but  is  only  secreted  after  the  stimulus 
[food. 
A  more  ingenious  explanation  has  been  propounded 
r  Dr  Beaumont,  whose  name  is  always  cited  when 
igestion  is  under  discussion,  because  he  was  enabled 
I  enrich  science  with  many  -valuabie  observations 
ide  on  a  patient  who  had  a  hole  in  Ms  stomach, 
educed  by  a  gunshot  wound.  "  During  the  hours 
F  fasting,"  says  Dr  Beaumont,  "the  gastric  juice  is 
lowly  being  secreted  in  the  follicles  *  and  retained  in 
f  tubes,  thereby  distending  them  ;  tliis  distension, 
dien  moderate,  produces  the  sensation  of  Appetite ; 
rhen  more  powerful,  of  Hunger.''' 
There  are  several  aualogies  which  give  colour  to  this 
[planatioa  Thus,  milt  is  slowly  accumulated  in  the 
reast,  and  the  sense  of  fulness,  if  unrelieved,  soon 
8  into  that  of  pain.  But  ingenious  as  the  explan- 
ion  is,  a  closer  scrutiny  causes  us  to  reject  it. 
Out  of  many  arguments  whicb  might  be  urged,  I 

rtis  follieia  are  email  Eeoretlng  gkoda  in  Uie  lining  membrane  ol 
itomacli.  They  will  be  deaoribed  and  figured  in  the  chapter  OD 
laanoN  and  Imia^raoH,  fig.  S. 
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\rill  mention  only  two — one  anatomical,  and  one  pt 
siological  If  the  gastric  juice  vrere  accumulated 
the  tubes,  there  is  no  anatomical  obstruction  to 
immedinte  passage  into  the  stomach,  and  the  disteiu 
wouJd  at  once  be  obyiated  (see  Fig.  5),  Nor  have 
any  good  ground  for  supposing  that  an  accumolati 
does  taite  place ;  for  Dr  Beaumont's  argument  that 
must  take  place,  because  it  flows  so  abundantly  on  t 
introduction  of  food  into  the  stomach,  would  eq^m 
prove  that  tears  must  be  accumulated  in  advance,  1 
cause  they  gush  forth  so  copiously  on  the  first  stimo] 
of  grief ;  or  that  saliva  must  be  accumulated,  becan 
it  flows  so  freely  whenever  a  stimulus  is  presented. 

While  Dr  Beaumont's  explanation  wants  an  ana 
mical  basis,  it  is  still  more  directly  at  variance  yr. 
the  physiological  fact,  that  when  food  ia  injected  ii 
the  veins  or  the  intestines,  the  sensation  of  Hunj 
disappears,  although  the  stomach  is  as  empty  as  it  v 
before,  and  the  tubes  as  distended  as  they  were  beft 

The  fact  last  named  would  dispose  us  to  believe  i 
want  of  food  was,  after  all,  the  proximate  as  well 
the  primary  cause  of  Hunger,  did  we  not  know  t 
tobacco,  opium,  and  even  inorganic  substances,  iutt 
duced  into  the  stomach,  will  remove  the  sensation. 
a  succeeding  chapter  (see  Food  and  Dbink)  we  s 
learn  that  there  are  nations  who   eat  clay  to  i 
their  hunger ;  and  we  all  know  how  the  first  i 
ful  of  food  takes  away  the  sharpness  of  the  si 
although  two  or  three  hours  must  elapse  before  i 
food  will  really  have  entered  the  body.     For  we  mt 
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member  that  food  in  the  stDmacli  is  as  much  outside 

e  organism  as  if  it  were  in  the  hani  The  digestive 
canal  is  nothing  hut  a  folding-in  of  the  general  enve- 
lope, like  the  inverted  finger  of  a  glove  ;  and  until  the 
absorbent  vessels  carry  the  food  from  the  stomach.  t?ito 
the  circulating  system,  the  food  remains  outside. 

Here,  then,  are  two  noticeable  facts  ;  we  may  relieve 
the  sensation  of  Hunger  without  directly  acting  on  the 
Btoniach,  the  mere  supply  of  food  to  the  blood  sufficing ; 
and  we  may  relieve  the  sensatioji  simply  by  acting  on 
the  stomach,  the  want  of  food  being  as  great  as  be- 
fore.  Do  not  these  facts  indicate  that  Hunger  must 
)e  related  to  the  general  state  of  the  system,  and  to  the 
^rticular  state  of  the  stomach?  If  we  once  regard 
;lie  sabject  in  this  light,  we  shall  be  easily  led  to  per- 
ceive that  although  the  general  state  of  the  system, 
Hnder  deficiency  of  food,  is  the  prirnary  cause  of 
Hunger,  it  is  only  so  in  as  far  as  it  produces  a  certain 
condition  of  the  stomach  ;  and  this  condition  of  the 
fltomach  is  the  proximate  cause  of  the  sensation. 

I  think  this  mode  of  viewing  it  will  extricate  us 
from  the  difficulties  which  have  been  brought  forward 

1  the  many  discussions  as  to  whether  the  stomach,  or 
one  part  of  the  nervous  system,  is  the  seat  of  Hunger. 
The  stomach  is  the  seat  of  the  sensation,  just  as  the 
eyes  are  the  seat  of  the  sensation  of  sleepiness :  the 
general  state  of  exhaustion  causes  the  eyes  to  droop 
(heavily,  and  the  general  state  of  the  system  causes  the 
stomach  to  produce  the  sensation  of  hunger  ;  and  as  in 
ileepineBS  we  may  relieve  the  sensation  by  bathing  the 


••^ 


nOHOEIl  Aim  THIRST. 

e^es  mth  cold  water^,  yet  this  will  not  relieve  1 
general  exhaustion  ;  so  in  hunger,  we  may  relieve  t 
sensation  by  opium,  or  even  clay,  but  this  will  i 
relieve  that  general  state  of  the  system  wiiich  produc 
the  sensation. 

It  is  evident  that  the  general  atate  of  the  ayst 
must  be  felt,  and  to  it  we  owe  those  daily  variai 
comfort  which  we  express  in  the  terms  "  i 
"gladness,"  "lassitude,"  " depression,"  &c  ;  nevei 
less  physiologists  have  not  assigned  a  name  to  f 
sensations. 

In  a  future  chapter  (Feeung  and  Thinking)  I  s 
entef  more  fully  into   these,  which  I  propose  to  c 
Systemic  Sensations,  because  they  arise  in  the  s 
tern  at  large,  or  are  not  localised  by  conscious 
any  one  oi^an.    But  for  the  purpose  of  this  chapt« 
current  terms  must  be  accepted  ;  and  although,  ( 
fore,  strict  accuracy  would  lead  ua  to  say  that  Hm 
as  a  Systemic  Sensation,  is  caused  by  want  of  f 
to  repair  the  wast«  of  tissue,  and,  as  a  Local  Sensatim 
is  caused  by  a  specific  condition  of  the  stomach  ;  j 
following  popular  language,  we  must  say  that  Knngt 
is  a  sensation  having  its  seat  in  the  stomach ;  and  s 
the  arguments  or  experiments  which  attempt  to  pro 
that  its  seat  must  be  elsewhere,  have  reference  to  t 
general  state  of  the  system,  but  not  to  the  speci 
sensation  known  to  ns  as  Hunger. 

If  we  examine  the  stomach  of  a  fasting  animal,  v 
shall  find  it  pale,  and  in  a,  condition  of  obvious  a 
The  blood  has  retreated  from  the  smaller  vessels,  aniu 
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circnlates  only  in  the  larger  channels.  Bat  no  sooner  is 
the  organ  stimnlated  by  the  introduction  of  food,  or  any 
irritant  substance,  than  this  pale  surface  becomes  vis- 
ibly congested,  turgescent,  and  its  secretions  pour  forth 
abundantly.  With  this  rush  of  blood  to  the  stomach 
the  sensation  of  uneasiness  is  carried  afvay.  Hence 
we  may  conclude  that  Hunger  is  in  some  way  depend- 
t  on  the  state  of  the  circulation  in  the  stomach. 


VIL  Th1£ST  closely  resembles  Hunger  in  being  a 
general  or  Systemic  sensation,  although  it  is  usually 
considered  only  as  a  local  sensation,  arising  from  the 
diyness  of  the  mouth  and  throat.  This  dryness  of  the 
throat  and  mouth,  so  familiar  to  us  all,  is  produced  by 
incy  of  liquid  in  the  body  ;  but  it  may  be,  and 
ften  is,  produced  when  there  ia  no  deficiency  in  the 

ineral  system,  nothing  but  a  local  disturbance,  this 
disturbance  producing  a  local  sensation.  Wines,  cof- 
fee, and  spices  create  a  strong  feeling  of  thirst,  yet  the 
two  first  increase  the  quantity  of  liquid  instead  of 
diminishing  it  And  wo  know  how  ineffectual  liquid 
in  any  quantity  is  to  quench  the  feeling  of  Thirst  under 
some  conditions,  especially  after  long  suffering. 

Andersson,  in  his  travels  in  Africa,  describes  the 
sufferings  of  his  men  and  cattle,  adding,  "  even  when 
the  thirsty  men  and  animala  were  let  loose  in  the  water, 
although  they  drank  to  repletion,  the  water  seemed  to 
have  lost  its  property,   for  our  best  endeavours   to 

tur  thirst  proved  unavailing,"*    The  long  cou- 
*  ABDEBsaoN  :  Lait  N'^ni,  p.  siL 
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tinuance  of  Thirst  had  produced  a  certain  f 
condition  which  could  not  be  immediately  i 
when  the  system  received  its  necessary  supply  i 
liquid  ;  this  shows  that  although  deficiency  of  liqui 
is  the  primary  cause  of  Thirst,  the  proximc^e  cane 
must  bo  some  local  affection  which  has  been  : 
duced. 

On  the  other  hand,  this  local  sensation  is  so  depeni 
ent  on  the  system,  that  if  water  be  injected  into  £ 
veins  or  the  intestines,  Thirst  disappears,  although  t 
mouth  and  throat  have  not  been  touched.     A  hui 
atmosphere  prevents  Thirst ;  a  bath  relieves  it,  1 
the  water  is  absorbed  through  the  skin. 

On  this  principle,  Franklin  grounds  his  advice  ( 
men  who  are  exposed  to  scarcity  of  drink  ;  they  shoi 
bathe  themselves  io  tubs  of  salt  water,  he  says, 
would  undoubtedly  relieve  their  thirst,  but  it  is  a  p 
which  would  be  excessively  dangerous  in  s 
unless  food  were  abundant,  since  the  abstraction  of  E 
much  heat  as  would  follow  a  bath,  would  in  all  probt 
bility  be  fatal 


VIII.  Cause  op  Thirst. — As  deficiency  of  food  t 
supply  the  waste  of  tissue  is  the  primary  t 
Hunger,  so  deficiency  of  water  to  supply  the  was 
which  goes  on  incessantly  in  the  excretions,  respirfl 
tion,  and  perspiration,  is  the  piimaxy  cause  of ' 

Every  time  we  breathe  we  throw  from  our  lungs  4 
quantity  of  water  in  the  foroa  of  vapour.      We  i 
made  sensible  of  this  when  the  breath  condenses  ( 
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the  colder  surface  of  g1a.ss  or  steel,  and  when,  as  in 
winter,  the  atmosphere  is  sufficiently  cold  to  condense 
the  vapour  on  its  issuing  from  our  mouths. 

This  is  only  one  source  of  the  waste  of  water ;  a 
more  important  source  is  that  of  per-  rig.  s. 

epilation,  which  in  hot  weather,  or 
during   Tiolent   exercise,   causes   the 
water  to  roll  down  our  skina  with  ob- 
^  tensive  eopionsness.     But  even  when 
}  axe  perfectly  quiescent,  the  loss  of 
|<i9nBitGr,  although  not  obvious,  is  con- 
sbla 
To  render  this  intelligible,  let  at- 
Itention  be  fixed  on  the  following  dia-    i 
'gram,  which  represents  one  of  the 
glands  that  secrete  this  perspiration    \1m 
It  represents  the  vertical  section  of  the    ijlj* 
sole  of  the  foot  (after  Todd  and  Bow     I 
man). 

The  gland  at  d  is  seen  to  possess  a 
twisted  duct,  which  passes  upwards  to   , 
the  surface.     From  this  tube  comes 
the  perspiration,  sensible  and  insen-     „  ,„  ^,,6  cut 

sible.  tS?J«^r^S'«r 


EiS 


«  "kin  {demn);  • 
'  KFcBtglaDd,  In  I 
ity  of  oilyglobulw 


It  is  calculated  that  there  are  no  r. 
less  than  twenty-eight  miles  of  this  'j 
tubing  on  the  serfage  of  the  human  " 
body,  from  which  the  water  will  escape  as  insensible 
perspiration  ;  and  although  the  amount  of  water 
which  is  thus  evaporated  from  the  surface  must  neces- 


arflr  Tuy  witli  the  doUung,  the  •etivhjr,  aaA  i 
die  pecoliar  eooitibitim  of  the  indiTidiul,  an  *Teraf[ 
estimate  has  been  Utuned -which  diows  that  &om  luo  A 
tkrtepovnds  of  water  are  daily  evaporated  from  the 
siOB.  From  the  longs  it  is  asootaiiied  that  evexyn 
nte  Te  Uirow  off  from  fenr  to  seven  gmns  of  vatei; 
from  the  skin  eleven  grains.  To  these  toast  be  a 
the  quantity  abstracted  by  the  kidneys,  a  vatiable  t» 
important  element  in  the  sam. 

It  may  not  at  first  be  clear  to  the  reader  why  ai 
abstraction  of  water  daily  should  profoundly  afiect  thtf 
organism  unless  an  equivalent  be  restored.  What  cai 
it  matter  that  the  body  should  lose  a  little  water  a 
vapour  ?  Is  water  an  essential  part  of  the  body  ?  I 
it  indispensable  to  life  ? 

Not  only  is  water  an  essential  part  of  the  body,  it 
might  be  called  the  most  essential,  if  pre-eminence 
could  be  given  where  all  are  indispensable.  In  quan- 
tity, water  hafi  an  enormous  preponderance  over  all 
other  constituents  :  it  forms  70  per  cent  of  the  whole 
weight !  There  l3  not  a  single  tissue  in  the  body- 
not  even  that  of  bone,  not  even  the  enamel  of  the, 
teeth— into  the  composition  of  which  water  does  not 
enter  as  a  necessary  ingredient.  In  some  of  the  tia- 
Mues,  and  those  the  most  active,  it  forma  the  chief  in- 
gredient. In  the  nervous  tissue  800  parts  out  of 
every  1000  are  of  water;  in  the  lungs  830;  in  the 
pancreas  S71 ;  in  the  retina  no  less  then  927. 

Commensurate  with  this  anatomical  preponderance 
is  the  physiological  importance  of  water.     It  is  tb^ 
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carrier  of  the  food,  the  vehicle  of  waste.  It  holds  gases 
in  solution,  dissolves  solids,  helps  to  give  eveiy  tissue  its 
physical  character,  and  is  the  indisponsable  condition  of 
that  ceaseless  change  of  Composition  and  Decomposi- 
tion on  which  the  continuance  of  life  depends. 

From  the  elaborate  experiments  of  Bidder  and 
Schmidt,  it  is  clear  that  the  changes  which  go  on  in 
the  organism  are  far  more  concerned  with  its  water 
than  with  its  solids.  In  the  digestive  fluids,  for  ex- 
ample, one-fifth  to  one-fourth  of  the  water  contained 
in  the  body  will  be  found  parsing  and  repassing ; 
whereas  only  one-sixtieth  or  one-seventieth  of  the 
solids  of  the  body  pass  into  theno.* 

Such  being  the  part  played  by  water  in  the  organism, 
we  can  understand  how  the  oscillations  of  so  important 
a  fluid  must  necessarily  bring  with  it  oscillations  in  our 
feelings  of  comfort  and  discomfort,  and  how  any  un- 
usual abstraction  of  it  must  produce  that  disturbance  of 
the  general  system  which  is  kno"wn  under  the  name  of 
Kaging  Thirst — a  disturbance  far  more  terrible  than 
that  of  Starvation,  and  for  this  reason  :  During  abstin- 
ence from  food,  the  organism  can  still  live  upon  its  own 
substance,  which  famishes  all  the  necessary  material ; 
but  during  abstinence  from  liquid,  the  organism  has  no 
sach  source  of  supply  within  itself. 

Men  have  been  known  to  endure  absolute  privation 
of  food  for  some  weeks,  but  three  days  of  absolute  pri- 
vation of  drink  (unless  in  a  moist  atmosphere)  is  per- 
haps the  limit  of  endurance.  Hiirst  is  the  most  atro- 
•  BmcKA  S.  SosMOit :  Dit  I'erdaviuiga'd/h,  p.  2S7- 


cioua  torture  ever  invented  by  Oriental  tyrants.     It  i| 
that  which  most  effectually  tames  animals.    Mr  Astle 
when  be  had  a  refractory  horse,  always  used  thirst  as 
the  most  effective  power  of  coercion,  giving  a  little 
■water  as  the  reward  for  every  act  of  obedience, 
histoiiea  of  shipwreck  paint  fearful  pictures  of  the  sul 
ferings  endured   from  thirst ;   and  one  of  the 
appalling  cases  known  is  the  celebrated  impriaomnei 
of  one  hundred  and  forty-sue  men  in  the  Black  Hole  a 
Calcutta — a  case  frequently  alluded  to,  but  which  n 
be  cited  here  at  some  length  on  a«:onnt  of  its  phyf 
logical  bearing : — 

The  Governor  of  Fort- William  at  Calcutta  bavinj 
imprisoned  a  merchant — the  well-known  Omychnnd,— 
the  in^mous  Nabob  of  Bengal,  Surajah  Dowlah,  on  tht 
look-out  for  a  pretext,  marched  against  Fort-WUliam; 
with  a  considerable  force,  besieged  and  took  it,  i 
imprisoned  the  surviving  part  of  the  garrison  in  tbq 
barrack-room  named  the  Black  Hole.  The  letter  i] 
which  Mr  Holwell,  the  officer  in  command,  describf 
the  horrors  of  this  inaprisonment  is  printed  in  th 
Annual  Register  for  1758,  and  from  it  the  followinj 
extracts  are  made : — 

"  Figure  to  youself  the  situation  of  a  himdred  and 
forty-six  wretches,  exhausted  by  continual  fatigue  andl| 
action,  crammed  together  iu  a  cube  of  eighteen  feet^. 
in  a  close  sultry  night  in  Bengal,  shut  up  to  the 
eastward  and  southward  (the  only  quai'ter  whence  s 
could  reach  ua)  by  dead  walls,  and  by  a  wall  and  door. 
to  the  north,  open  only  to  the  westward  by  two  win- 
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dows  strongly  barred  mth  iron,  from  which  we  could 
receive  scarce  any  the  least  circulation  of  fresh  air. 
.  ,  .  We  had  been  but  a  few  minutes  confined  before 
every  one  fell  into  a  perspiration  so  profuse,  you  can 
form  no  idea  of  it.  This  brought  on  a  raging  thirst, 
■which  increased  in  proportion  as  the  body  was  drained 
of  its  moisture.     Various  expedients  were  thought  of 

,  to  give  more  room  and  air.  To  gain  the  former  it  was 
moved  to  put  off  their  clothes;  this  was  approved  as 
a  happy  motion,  and  in  a  few  moments  every  one  was 

■. stripped— myself,  Mr  Court,  and  the  two  young  gentle- 
a  by  me,  excepted.     For  a  little  while  they  flattered 

.themselves  with  having  gained  a  mighty  advantage ; 
every  hat  was  put  in  motion  to  gain  a  circulation  of 
lur,  and  Mr  Baillie  proposed  that  every  man  should  sit 
down  on  his  hama.  This  expedient  was  several  times 
put  in  practice,  and  at  each  time  many  of  the  poor 
creatures,  whose  natural  strength  was  less  than  that 
of  others,  or  who  had  been  more  exhausted,  and  could 

'  not  immediately  recover  their  legs  when  the  word  waa 

.  given  to  rise — fell  to  rise  no  more,  for  they  were  in- 
stMitly  trod  to  death  or  suffocated.  When  the  whole 
body  sat  down,  they  were  so  closely  wedged  together 
that  they  were  obliged  to  use  many  effort-s  before  they 
could  get  up  again.  Before  nine  o'clock  every  man's 
thirst  grew  intolerable,  and  respiration  difficult.  Efforts 
yere  made  to  force  the  door,  but  in  vain.  Many  in- 
pults  were  used  to  the  guard  to  provoke  them  to  fire 
ua.  For  my  own  part,  I  hitherto  felt  little  pain  or 
nneasiness,  but  what  resulted  from  my  anxiety  for  the 


Bufferinge  of  those  within.     By  keeping  my  face  close 

between  two  of  the  bars  I  obtained  air  enough  to  give 
my  liuigs  easy  play,  though  my  perspiration  was  ei- 
ceasive,  and  thirst  commencing.  At  this  period  so 
strong  a  urinous  volatile  effluvia  came  &om  the  prison 
that  I  was  not  able  to  turn  my  head  that  way  for  more' 
than  a  few  seconds  at  a  time. 

"  Now  everybody,  except  those  situated  in  and  neap 
the  windows,  began  to  grow  outrageous,  and  n: 
delirious.  Water  !  water  !  became  the  general  cry. 
An  old  Jemmantdaar,  taking  pity  on  us,  ordered 
the  people  to  bring  us  some  skins  of  water.  This  was- 
what  I  dreaded,  I  foresaw  it  would  prove  the  ruin  of 
the  small  chance  left  us,  and  essayed  many  times  fo 
speak  to  him  privately  to  forbid  it  being  brought ;  but 
the  clamour  was  so  loud  it  became  Impoaeible.  The 
water  appeared.  Worda  cannot  paint  the  universal 
agitation  and  raving  the  sight  of  it  threw  us  into, 
flattered  myself  that  some,  by  preserving  an  equal 
temper  of  mind,  might  outHve  the  night  ;  but  now  the 
reflection  which  gave  me  the  greatest  pain  was,  that  I 
saw  no  possibility  of  one  escaping  to  tell  the  dismal 
tale.  Until  the  water  came  I  had  not  myself  suffered 
much  from  thirst,  which  instantly  grew  excesi 
We  had  no  means  of  conveying  it  into  the  prison  but 
by  hats  forced  through  tbe  bars  ;  and  thus  myself^  and 
C!oIee,  and  Scott  supplied  them  as  fast  as  possibla 
But  those  who  have  experienced  intense  thirst,  or  are 
acquainted  with  the  cause  and  nature  of  this  appe* 
tite,  will  be  sufficiently  sensible  it  could  receive 
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e  than  a  momentary  alleviation  :  the  cause  still  snb- 

d.     Thougli  we  brought  full  hats  throngh  the  bars, 

e  ensued  such  violent  struggles  and  frequent  con- 

Bsts  to  get  it,  that  before  it  reached  the  lips  of  any 

;,  there  would  be  scarcely  a  small  tea-cupful  left  in 

Ithem.     These  supplies,  like  sprinldiiig  water  on  fire, 

Fonly  seemed  to  feed  the  flame.     Oh !  my  dear  sir,  how 

shall  I  give  you  a  just  conception  of  what  I  felt  at  the 

cries  and  cravings  of  those  in  the  remoter  parts  of  the 

prison,  who  could  not  entertain  a  probable  hope  of 

Edbtaining  a  drop,  yet  could  not  divest  themselves  of 

Ectation,  however  unavailing,  calling  on  me  by  the 

mder  considerations  of  affection  and  friendahip.     The 

Joonfusion  now  became  general  and  horrid.     Several 

F  quitted  the  other  window  (the  only  chance  they  had  for 

life)  to  force  their  way  to  the  water,  and  the  throng  and 

press  upon  the  window  was  beyond  bearing ;  many, 

forcing  their  way  from  the  further  part  of  the  room. 

L  pressed  down   those  in  their  passage  who  had  less 

letrength,  and  trampled  them  to  death. 

"  From  about  nine  to  eleven  I  sustained  this  cruel 
I  Boene,  still  supplying  them  with  water,  though  my  legs 
I  were  almost  broke  with  the  weight  against  them.     By 
Lthis  time  I  myself  was  near  pressed  to  death,  and  my 
wo  companions,  with  Mr  Parker,  who  had  forced  him- 
f  to  the  window,  were  really  so.     At  last  I  became 
K#o  pressed  and  wedged  np,  I  was  deprived  of  all  mo- 
Determined  now  to  give  everything  up,  I  called 
0  them,  and  begged  them,  as  a  last  instance  of  their 
Bgard,  that  they  would  relieve  the  pressure  upon  me. 


and  pennit  me  to  retire  ont  of  the  window  to  die  i 
quiet.     They  gave  way,  and  with  much  difficulty  j 
forced  a  passage  into  the  centre  of  the  prison,  whet 
the  throng  was  less  by  the  many  dead,  amounting  t 
one-third,  and  the  numbers  who  flocked  to  the  i 
dowa ;  for  by  this  time  they  had  water  also  at  the  othcf 
window.    ...     I  laid  myself  down  on  some  of  tl 
dead,  and,  recommending  myself  to  Heaven,  had  t 
comfort  of  thinking  my  sufferings  could  have  no  lonj 
dniation.     My  thirst  now  grew  insupportable,  and  t 
difficulty  of  breathing  much  increased  ;  and  I  had  n 
remained  in  this  situation  ten  minutes  before  I  ti 
seized  with  a  pain  in  my  breast,  and  palpitation  i 
heart,  both  to  the  most  exquisite  degree.    These  obli| 
me  to  get  up  again,  but  still  the  pain,  pdpitation,  a 
difficulty  of  breathing  increased.     I  retained  my  a 
notwithstanding,  and  had  the  grief  to  see  death  not  a 
near  me  as  I  had  hoped,  but  could  no  longer  bear  lJ 
pains  I  suffered  without  attempting  a  relief,  wMch  | 
knew  fresh  air  would  and  could  only  give  me. 
Btantly  determined  to  push  for  the  window  opposite  t 
me,  and  by  an  effort  of  double  the  strength  I  ever  1 
fore  possessed,  gained  the  third  rank  at  it — with  onl 
hand  seized  a  bar,  and  by  that  means  gained  a  secomla 
though  I  think  there  were  at  least  six  or  sei 
between  me  and  the  window.     In  a  feiv  moments  t 
pain,  palpitation,  and  d'ifficultj/  of  breathing  ceo 
but  the  thirst  continued  intolerable.     I  called  alouji 
'  Water  for  God's  sake  I'  I  had  been  concluded  dead  J 
but  as  soon  as  the  men  found  me  amongst  them,  then 


THE  OL&CK   HOLE  OF   CALCUTTA. 

.still  had  the  respect  and  tenderness  for  me  to  cry  out, 
*  Give  him  water  .' '  nor  would  one  of  them  at  the  win- 
dow attempt  to  touch  it  till  I  had  drunk.  But  from, 
the  water  I  had  no  relief;  my  thirst  was  rather  in- 
it;  so  I  determined  to  drink  no  more,  but 
patiently  wait  the  event,  I  kept  my  mouth  moist 
from  time  to  time  by  sucking  tho  perspiration  out  of 
my  shirtnsleeves,  and  catching  the  drops  as  they  fell 
like  heavy  rain  from  my  head  and  face ;  you  can  hardly 
imagine  how  unhappy  I  was  if  any  of  them  escaped 
mouth.  ....  I  was  observed  by  one  of  my 
companions  on  the  right  in  the  expedient  of  allaying 
toy  thirst  by  sucking  my  shirt-sleeve.  He  took  the 
Jiint,  and  robbed  me  from  time  to  time  of  a  consider- 
able part  of  my  store,  though,  after  I  detected  him, 
I  had  the  address  to  begin  on  that  sleeve  first  when  I 
thought  my  reservoirs  were  sufficiently  replenished,  and 
our  mouths  and  noses  often  met  in  contact.  This  man 
"Was  one  of  the  few  wlio  escaped  death,  and  he  has  since 
paid  me  the  compliment  of  assuring  me  he  believed  he 
owed  his  life  to  the  many  comfortable  draughts  he  had 
from  my  sleeves.  No  Bristol  water  could  bo  more 
soft  or  pleasant  than  what  arose  from  perspiration. 

"  By  half-past  eleven  the  much  greater  number  of 
those  living  were  in  an  outrageous  delirium,  and  others 
quite  ungovernable  ;  few  retaining  any  calmness  but 
the  ranks  near  the  windows.  They  now  all  found  that 
water,  instead  of  relieving  their  uneasiness,  rather 
heightened  it,  and  Air !  air !  was  the  general  cry. 
insult  that  could  be  devised  against  the  guard 
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VB8  repeated  to  provoke  them  to  fire  on  us,  every  maafl 
that  could,  rushiug  tumultuously  towards  the  window 
with  e^er  hopes  of  meeting  the  first  shot.     But  thesi 
felling,  they  whose  strength  and  spirits  were  quite  ex9 
hausted  laid  themselves  down,  and  quietly  expired  upoii^ 
their  fellows ;  others  who  had  yet  some  strength  anra 
vigour  left,  made  a  la^t  eiFort  for  the  windows,  a 
several  succeeded  by  leaping  and  scrambling  over  i 
backs  and  heads  of  those  in  the  first  ranks  ;  and  g 
hold  of  the  bars,  from  which  there  was  no  remoi 
ing  them.     Many  to  the  right  and  left  sunk  with  tin 
violent  pressure,  and  were  soon  suffocated ;  for  now  j 
steam  arose  from  the  living  and  the  dead,  which  affect 
us  in  all  its  circumstances,  as  if  we  were  forcibly  held 
by  our  heads  over  a  bowl  of  strong  volatile  spirit  cM 
hartshorn  until  suffocated ;  nor  could  the  effluvia  of  tIM 
one  be  distinguished  from  the  other.     1 1 
your  commiseration  when  I  tell  you  that  in  this  plighfl 
from  half  an  hour  after  eleven  till  two  in  the  morning,  ] 
sustained  the  weight  of  a  heavy  man  with  his  knees  o 
my  back,  and  the  pressure  of  Iiia  whole  body  on  mfl 
head  ;  a  Dutch  sergeant  who  had  taken  his  seat  on  n 
left  shoulder,  and  a  black  soldier  bearing  on  my  right! 
all  which  nothing  would  have  enabled  me  to  suppon 
but  the  props  and  pressure  equally  sustaining  me  i 
round.     The  two  latter  I  frequently  dislodged  by  si 
ing  my  hold  on  the  bars,  and  driving  my  knuckleJ 
into  their  ribs  ;  but  my  friend  above  stuck  fast,  e 
as  he  held  by  two  bars,  was  immovable.     The  repeats 
trials  I  made  to  dislodge  this  insufferable  encumbranc] 
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"■■MiMHun  hf  '*™™'**™f;  s  fciLliu  fioT  of  Uood  to 
die  puts.  It,  inatrad  of  ooU  vttcr, «  Ettle 
tn,  or  milk-aiid-irater,  had  beoi  dnmk.  ] 
relief  would  lure  be«D  attuned ;  or  i£,  instead  of  cold 
water,  a  lump  of  ice  had  beeo  takoi  into  the 
and  allowed  to  melt  there,  the  eSect  would  bare  beeai 
very  different — a  transitoiy  application  of  cold  increas- 
ing the  flow  of  blood,  a  continnons  application 
it  away 

If,  therefore,  the  reader  is  ever  suffering  from  intense 
thirst,  let  him  remember  that  tepid  drinks  are  better 
than  cold  drinks,  ice  is  better  than  water. 

We  must  not,  however,  forget  that  although,  where 
a  deficiency  of  liquid  has  occasioned  a  feverish  condi- 
tion of  the  mouth  and  throat,  no  supply  of  cold  liquid 
will  at  once  remove  that  condition,  the  relief  of  the 
Syatemic  sensation  not  immediately  producing  relief 
of  the  local  sensation,  nevertheless,  so  long  as  the  sys- 
tem is  in  need  of  liquid,  the  feeling  of  thirst  mast 
continue.  Claude  Bernard  observed  that  a  dog  whidf 
hwl  an  opening  in  its  stomach  drank  unceasingly,  be- 
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cause -de ^VFXEer ZBi  cm  &  isl  as  it  ms  ififawcd: 
in  Tshi  tfa£ -vnxcer  nuBBaBfld  jmmtii  mid  ioniax  on  n& 
way  to  -die  stxncaoL  TDnrsr  -was  jMn  appfsaaed  iieeante 
tlie  water -was  iLOtanniied.  l^d^ozaidctilittligu^ 
ffmwl  it  Tf  jimif?r  m\  r  frrinhnnffl  aftmrarnn  ttirini 
menoed  ifae  aam^  luipeifiBE  mbI  ;  hm  mo  mtoatta- imuh  iitt 
opening  doaed,  and  ifer  cotter  loaaed  in  ttie  stouiaeL 
from  wiiencE:  it  was  ^vofiMd  into  ibe  igraiaL;  liiaL 

A&er  Iflaming  -fe  piyiBnifigKa'f  iBB|wnai«fe  of  mnMx 
and  remembeniig  liow  iiie  w»&  k>  fimttnmali^'  iifatii^' 
remored  from  Ite  ta>dy  in  njajjirf  jUnri,  fpenyikrttf^.,  mid 
the  TazioixE  faffrBiiwtf>^  -we  mt  ^ttHs  puztiisd  iA^  tfe 
great  Tazistiaiff  w^udi  aninwiif  «^iS«:  in  tiie  qaaalii^ 
they  dmik.  THnt  tSiScalij  ifi  not  ^flrfnawtftri  lagr  ^  i?^- 
f erenoe  to  die  {pod  cf  Ite;  aniBBak,  ftir  aMUft:  w^tgeuMi^ 
feeders  require  laz^  guaol^ties  tif  ivattf',  iri^  otbtiii: 
sabsist  fiir  taoax&m  wifibont  drhilring;  tu(;  aitfipti^'  U^d^- 
receire  in  ihe  Te^ettUeB  Hkj  eat  betsi^  aufieMttt  ii(«r 
their  wants. 

Br  lirii^aUne  Ibond  'flie  <iiand^  on  tfe  JKa<dJb«ri 
Desert,  aldioa^  m  plaoea  wlwre;  was^r  wu^  ydAk^' 
inaccessible,  widi  eT«fj  isdieaskai  of  Wtug  in  apjUicUd 
condition,  and  tibdr  akmadia  af^toal^  o(«B!UUM<i  <h«ll- 
siderable  quantitiea  of  wsatfer.  ^  I  «xasttiM^  <;ai«lidiy 
the  whole  alimentaiy  caaal,^  Ite  «»^  ^in  «ilkr  ^  Mt 
if  there  were  any  peesliantj  ^viik^  »ij|^  w^^ff^iii^  1m 
the  fact  that  these  anifluli  esu  avdMift:  Itiir  iuo«fUi<t 
together  withoot  dimidng,  \mi  hmid  mtimi^    </^a^ 
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aniTnula,  snch  as  the  diiiker  (Cephalopxis  mergens),  i 
Bteinbuck  (Tragulus  rupestns),  the  gemsbuck  (flryal 
capensis),  and  the  porcupme,  are  all  able  to  subsist  for 
many  months  at  a  time  by  living  on  bulbs  and  tubera 
containing  moisture.  Some  animaEs,  on  the  other  hand^  I 
are  never  seen  but  in  the  vicinity  of  water.  The  pre- 
sence of  the  rhinoceros,  buffalo,  and  gnu,  of  the  g 
zebra,  and  paUah  (Antelope  melampus),  is  always  t 
certain  indication  of  water  being  within  seven  or  eight 
miles."*    ■ 

The  only  solution  of  the  difficulty  which  present* 
itself  to  my  mind  is,  that  animals  which  can  subsist 
long  without  drinking,  do  not  lose  more  water  by  e 
poration  and  excretion  than  can  be  repbced  by  thdrf 
vegetable  food,  since  that  they  require  the  same  amoui 
of  water  as  other  animals  for  the  performance  c 
their  functions  is  physiologically  certain.     It  has  bee 
observed  that,  in  persons  who  voluntarily  abstain  from  ' 
drinking,  the  excretions  were  diminished  to  a  mini- 
mum.    Sauvages,  in  his  Nosologia  Medica,  mentions 
the  case  of  a  member  of  the  University  of  TonlouseJ 
who  never  knew  what  thirst  was,  and  passed  severs 
months,  even  in  the  heat  of  summer,  without  drinldiif^ 
Another  case  is  cited  by  the  same  author  of  a  vromai 
who  took  no  liquid  for  forty  days.     M.  B^rard  thi 
that  the  marvellouanesa  of  these  facts  disappears  when 
we  remember  how  much  liquid  ia  contained  iu  i 
food  ;f  but  I  am  rather  disposed  to  doubt  the  a 

*  iJViaoBTOira ;  MitsionaTy  Trattli  i«  South  Afric 
t  Bbrard  :  CauTt  dt  Phyttologii,  yal.  ii.  p.  504. 
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of  the  &cts  than  to  accept  sock  an  expUnatioii :  »t  any 
rate,  tbej  are  facts  so  veiy  exceptional  as  to  have  little 
bearing  on  our  general  argranent 

Thfe  efTects  of  Thirst  are  first  a  diTnesB  of  the  month, 
palate,  and  throat ;  the  secretions  become  less  copious ; 
the  mouth  is  covered  with  a  thick  mucus,  the  tongue 
cleaves  to  the  palate,  the  voice  becomes  hoarse.  TheD 
the  eyes  flash  fire,  the  breatMng  becomes  diificult,  a 
feverish  excitement,  often  passing  into  delirium,  comes 
on.*  Sleep  is  fitful,  and  distressed  by  dreams  akin  t<i 
the  torments  of  Tantalus.  TLe  men  shipwrecked  in 
the  "  Medusa"  dreamt  constantly  of  shady  woods  and 
ronning  streams. 

It  is  to  be  noticed  that  the  sensation  of  Thirst  is 
never  agreeable,  no  matter  how  dight  it  may  be,  and 
in  this  respect  is  unlike  Hunger,  which,  in  its  incipient 
state  of  Appetite,  is  decidedly  agreeable.  The  bodies 
of  those  who  have  perished  from  Thirst  show  a  general 
dryness  of  all  the  tissues,  a  thickening  of  the  hmnom-s, 
a  certain  degree  of  coagulation  of  the  blood,  number- 
less indications  of  inflammation,  and  sometimes  gan- 
grene of  the  principal  viscera.  According  to  Longet, 
Thirst  kills  by  an  inflammatory  fever.  Hunger  by  a 
putiid  fever.-f 

"  From  some  exijeriniBiita  bj  Profossor  K  HaRlEss,  in  Munlob,  at 
which  I  BssiBted,  it  appcflrod  that  the  nsiTeB  gain  an  eitmordinojy 
inireate  in  their  oicitabilily  as  thoir  proportinn  of  wattr  deereaaea. 
(For  ft  fuller  occoHDt  of  thia  reioarkable  fact,  eee  BlRKsEs,  Dai  Wmstr 
dtr^ervfn,  1858,)    The  uerfoUB  eicitabilily,  delirtum,  and  alBciilisa- 

SUB,  oeooaiijneil  bj  Tbinst,  may  be  greotlj  owing  to  this  causa. 

+  LoNoet;  Train  ilr  Ptiisiohmf. 


50  HUNGER  AND  THIRST. 

Such  are  Hunger  and  Thirsty  two  mighty  impulses, 
beneficent  and  terrible,  monitors  ever  vigilant,  warning 
us  of  the  need  there  is  for  Food  and  Drink — sources  of 
exquisite  pleasure  and  of  exquisite  pains,  motives  to 
strenuous  endeavour,  and  servants  to  our  higher  aims. 
We  are  aU  familiar  with  them  in  their  gentler  aspects ; 
may  we  never  know  them  in  their  dreadful  impor- 
tunities I 
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ixuethiide  of inwfigytiftri  ^*  Cttie  WK&'b  muntimitit^m  jmmu •  ^4w»ttf'. ' 
iIliKtra;t0d — -A  taratisii:!  w  f^awMifc  — WMw^MWifcy  «aeo  M^rjifiijiwriur 
food — -Bfi^stioii  0f  luod  U/  Mgb  irrgjwftawr     ^'inn  ^uii»r  u^m^\m\  o^ 

— A  canoD  of  phiiMiipiiy    iir  ii»f;  iwak v  a.  i^^  «!  bM$  ^ijtfif ; 
Cbemicalprobkne  lifts  qiiMrtidWl**^;;  imjfaif  ,n^:ii  jfrfrfwrtim  ij^in  ■. 

of  Ti0w— ^.actf  «^ia«t  Jtoin  -4tf»<<isimimrti»  am.  jifniiaur  -^i.^^  m^ 

nxeal  of  potstio^  a&d  «kiiii£M9(l  juuJUc,  fi^^nii^K;  v/  W; 
aixHoa.  of  a  Ixv^  .nrttigtftfrtiaii  ^  ^i^^  jiu^^4a<tflaj  ^- 
''pointed ^^  at  ^  itid^  ^'  Wun  i<jfcii|t»<<g  ^tj^MM^v  W 
waS,  sad  a  LoDdou  .AUfeciow  M^ik^  M  4^  V^iUMl^ 
feasts  are  two  figiu^  jit^iNi^itiii^  ^mu  kittft#i»i»<.  vv^^ 
tiafit  of  liae  Tarkstk^  of  J^vod  wiUi  ir^ij,  ;tfj  %^,  i^> 
leas  Jdai^  of  }jS»,  1ii»  hmum  i^^^fftaiim  if^ym^  Ay 


inoessant  waste.  Potatoes  and  skimmed  milk,  and  i£!] 
may  be  a  little  sea-weed,  supply  the  wants  of  the  one  j, 
before  the  other  there  is  spread  a  wasteful  profusioa  I 
of  turtle  captured  on  the  North  American  coasta,  of 'J 
turkey  reared  in  quiet  farmyards,  of  mutton  ^ 
upon  the  downs  of  Sussex,  of  beef  fed  on  the  ricBi  1 
pasture-lands  of  Herefordshire,  of  pheasants  shot  h 
nobleman's  preserves,  of  turbot  from  the  Atlantic  I 
Ocean,  and  salmon  from  the  Scotch  and  Irish  riveraj  i 
of  cheese  from  France  and  Switzerland,  oil  from  Italy,  i 
spices  from  the  East,  and  wines  from  Portugal,  Ger-  I 
many,  and  France —  a  gathering  from  all  national 
assorted  with  exquisite  culinary  skill.  Yet,  i 
these  differences  in  the  things  consumed  by  the  t 
men,  the  dinner  of  the  one  and  the  dinner  of  the  o 
become  transmuted  by  vital  processes  into  simUj 
flesh  and  blood,  into  the  same  organic  substance  a 
organic  force. 

However  various  the  articles  of  Food  and  1 
may  be,  it  is  clear  that  there  must  be  a  j 
which  all  differences  are  annulled,  and  a  similar  resn 
attained.  Whatever  characters  these  substances  c 
have  outside  the  organism,  must  be  altered  short 
after  their  entrance  into  it,  specific  diflferences  iraa 
vanish,  and  all  varieties  be  merged  in  a  vital  unity. 

The  hunter  on  the  Pampaa  subsists  on  bu 
with  scai-cely  a  particle  of  vegetable  food  to  vary  h 
diet.     The   Hindoo  is  content  with  rice  and  rancl 
butter,   and   cannot  be  induced   to   eat  flesh. 
Oreenlander  gorges  himself  with  whale  oil,  and  ani-^ 


VARIETIES   OF   FOOD. 

mill  fats  of  anj  kind  he  can  secure ;  the  moderate 

Arab  haa  his  bag  of  dates,  his  lotos-bread,  and  dhonrra. 

On  the  coast  of  Malabar  we  find  men  regarding  with 

religious  horror  every  species  of  animal  food;  while 

the  native  of  New  Hollaod  has  not  a  single  edible 

fruit  larger  than  a  cherry  on  the  whole  surface  of  his 

vast  island     The  EDglishman  considers  himself  igno- 

.  minioualy  treated  by  fortune  if  he  cannot  get  hia  beef 

r  bacon ;  the  peasant  of  the  Apennines  is  cheerful 

(mth  his  meal  of  chestnuts. 

Besides  varieties  in  tie  staple  articles  of  Food,  there 
e  the  infinite  varieties  of  fancy.     Our  Chinese  friends 
ike  delicacies  of  rats  and  of  birds'  nesta ;  our  French 
Bies  are  epicurean  over  the  hind-legs  of  frogs.     The 
taicienta,  who  carried  epicureanism  to  lengths  never 
reamed  of  by  Guildhall,   thought   the  hedgehog  a 
titbit,  and  had  a  word  to  say  in  favour  of  the  donkey, 
hrhich  they  placed  on  an  equality  with  the  ox ;  dogs 
iiey  considered  equal  to  chickens ;  and  even  cats  were 
lot  to  be  despised.     The  pork,  which  we  eat  with 
,t  confidence,  they  considered,  and  not  untruly,  the 
ist  digestible  of  animal  meats,  fit  only  for  artisans  and 
bletes.     They  ate  snails,  at  which  we  shudder,  with 
^e  gusto  we  acknowledge  in  eating  oysters.     It  would 
e  difficdt  to  persuade  the  British  stomach  to  dine,  in 
I  consciousness,  off  a  "  siiioin  of  donkey,"  flanked 
"ribs  of  dog,  with  fried  toadstools."    Is  this  re- 
pugnance only  prejudice,  or  were   Greek   dogs   and 
donkeya  more  succulent  than  ours  ? 

The  Claij-mters. — The  varieties  just  rehearsed  are 
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St  any  rate  eadly  accepted  as  probable  aliments,  bat 
what  will  the  reader  sa;  on  hearing  that  in  many 
parts  of  the  world  even   day  is  a  respectable  and 
respected  food?    Travellers,  who  see  strange  things, 
are  very  podtive  in   their  assertions  on  this  head. 
Humboldt,  a  man  whose  word  justly  carries  with  it 
European  authority,  confirms  the  statement  of  Qumilla, 
that  the  Otomacs  of  South  America,  during  the  periods  J 
of  the  floods,  snbdst  entirely  on  a  fat  and  ferroginoi 
clay,  of  which  each  man  eats  daily  a  pound  or  mot 
The  well-known  botanist  and  explorer,  Martius,  i 
formed  me  that  the  Indians  of  the  Amazon  eat  a  i 
of  loam,  even  when  other  food  is  abundant.     MoHj 
says  the  Peruvians  frequently  eat  a  £ 
day ;  and  Ehrenberg  has  analysed  the  edible  clay  s 
in  the  markets  of  Bolivia,  which  he  finds  to  be  J 
mixture  of  talc  and  mica     The  inhabitants  of  Guiaj 
mingle  clay  ^sith  their  bread ;   and  the  negroes  i 
Jamaica  are   said  to  eat  earth  when  other  food  j 
deficient     According  to  LabilJardifere,  the  inhalnta 
of  Wew  Caledonia  appease  their  hunger  with  a  wJ 
finable  earth,  said  by  Vanqaelin  to  be  composed  J 
magnesia,  silica,  oxide  of  iron,  and  chalk.    The  ( 
writer  asserts  that  at  Java  a  cake  is  made  of  ferr 
ous  day  which  is  much  sought  for  by  women  in  t 
pregnancy.     To  conclude  this  list  we  must  add  Sial 
Siberia,  and  Kamtscbatka  as  countries  of  clay-eaters.^ 

This  is  rather  a  staggering  accumulation  of  a 
tions,  which  we  cannot  dismiss  altogether,  even  if  i 

*  BtiKBACB :  Traill  da  PligMioloju,  ii. 
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I'Sappose  a  large   allowance  of  scepticism  jnstifiable. 

I  Grantiiig  the  fact  that  certain  kinds  of  earth  are  really 
natritions — and  it  is  difficnlt  to  escape  such  a  con- 
clnsiun — we  are  completely  at  a  loss  for  an  adequate 
explanation  of  it  Little  light  is  thrown  on  it  by  the 
assumption,  probable  enongh,  that  the  earth  must  eon- 
tain  organic  matters  ;  because  we  should  imagine  that 
in  ten  pounds  of  such  earth  there  could  scarcely  be 
contained  sufBcient  organic  matter  to  supply  the 
demands  of  an  adult 

I       Nor  will  it  get  rid  of  the  difficulty  to  say  that  the 

I  earth  only  appeases  hunger  without  nourishing  the 
system ;  because,  in  the  first  place,  Humboldt's  testi- 
mony is  that  the  Otomacs  subsist  on  the  clay  at  periods 
when  other  food  is  deficient ;  and,  in  the  second  place, 
although  the  local  sensation  of  Hunger  may  be  ap- 
peased by  introducing  substances  into  the  stomach, 
the  more  imperious  systemic  sensation  of  Hunger  is 

L  not  thus  to  be  appeased.* 

I  "We  must,  therefore,  be  content,  at  present,  with 
accepting  the  fact,  which  the  science  of  a  future  day 
may  possibly  explain. 

Omitting  clay,  as  not  explicable  for  the  present,  we 
propose  to  take  the  reader  with  us  in  an  inquiry, 
having  for  its  object  to  ascertain  what  Science  can 
s  positively  respecting  the  relation  of  alimentary 
i  and  the  organism — to  sea  what  is  known 
respecting  Food  and  its  varieties.     If  in  the  course  of 

"  this  survey  we  detain  the  reader  to  consider  certain 
•  See  the  Chapter  on  Hundkb  and  Thibst. 


generalities,  when  he  is  Lmpatient  to  arrive  at  the 
details,  let  him  be  assured  that  these  generalities, 
seemingly  too  abstract  and  remote  for  immediate 
practica,l  objects,  are  essential  to  a  right  comprehen- 
sion of  the  details;  and  that  our  most  practical  and 
pressing  objects,  whether  of  feeding  cattle,  or  feeding 
ourselves,  do  inevitably  rest  upon  abstract  philosophio 
principles,  and  are  determined  by  scientific  hypotheses. 
We  promise  him  abundant  detail,  but  must  ask  him  to 
approach  the  question  thi'ough  such  avenues  as  we 
shall  open,  and  not  to  tiy  any  short  cut  of  his  own. 

L  How  TO  InvEanGATE  Food. — Assured  as  we  are 
that  all  alimentary  substances  must  be  transformed  into 
the  organic  unity  we  name  Blood,  and  assured  also 
that  the  substances  so  transformed  are  really  various 
in  kind,  specifically  distinct  before  they  have  under- 
gone this  transformation,  it  is  clear  that  our  chief'  . 
attention  should  be  withdrawn  irom  the  alimentary".! 
svhstanees  to  fall  with  greater  emphasis  on  the  aK-  fl 
mentary  process;  that  is  to  say,  we  must  less  consider 
what  the  Foods  are  in  themselves,  than  what  relation 
they  bear  to  the  organiam  which  they  nourish. 

Obvious  as  this  may  seem,  it  has  generally  been 
disregarded,  especially  of  late  years.  The  researches 
into  the  nature  of  Food  have  been  extensive  and 
minute,  but  they  have  been  almost  exclusively  con- 
fined to  alimentary  substances,  which  have  been  s 
lysed,  weighed,  and  tabulated  with  great  labour,  and  J 
in  a  chemical  point  of  view  with  considerable  results ;  1 
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a  physiological  point  of  view — the  only  one 
naUy  implicated — ^with  scarcely  any  resolta  at  alL 
No  one  doubts  that  Food  is  a  physiological  question, 
inch  as  it  relates  to  an  orgaiusm.  Nevertheless, 
it  has  fallen  into  the  hands  of  the  chemists  ;  and  our 
tieatises,  t£xt-books,  and  popoiar  works,  have  been 
emnuBbereii  by  hj'potheses  which  may  ^nose  specula^ 
tire  ing^inity,  bnt  furnish  very  little  positive  result 

Against,  this  vice  of  Method,  and  this  misdirection 
of  raloable  labour,  a  voice  should  enei^etically  be 
nteed.  The  error  is  not  a  speculative  error,  simply  ; 
it  is  one  carrying  important  consequences ;  it  cither 
leads  physicians  and  &rmers  into  serious  mistakes,  or 
leads  them  to  throw  up  scientific  guidance  in  disgust, 
because  the  hypothesis,  so  convincing  on  paper,  turns 
out  stubbornly  iireconcilable  with  fact. 

Let  us  not,  however,  be  misunderstood.  In  declar- 
ing the  chemical  hypothesis  on  the  subject  of  Food  to 
idiicb  liebig,  Dumas,  Boussinganlt,  Fayen,  and  others, 
bavp  given  tiie  sanction  of  their  names,  to  be  more  of 
«B  cscnmbrance  than  an  illumination,  we  have  not  the 
intention  of  undervaluing  their  labonrs.  All 
teal  work  is  important,  no  genuine  research  is  un- 
irortliy  of  our  gratitude  ;  but  it  is  one  thing  to  rever- 
tace  power,  and  respect  the  work  achieved,  anotJier 
to  assign  the  nature  and  position  of  that  work, 
regard  to  the  vast  chemical  researdies  into  the 
of  Food  which  have  occupied  a  quuter  of  a 
',  it  seems  to  me  that  their  valne  has  been 
ecdu^vely  chemical,  and  only  in  an  indirect 


the  agreeable  jelly  which  pork-butchers  prepare  from  a 
decoction  of  different  parts  of  the  pig  was  given  them, 
they  at€  it  with  relish  at  first,  then  ceased  to  eat  it,  and 
died  on  the  twentieth  day,  of  inanition ;  when  bread, 
or  meat,  in  small  quantities,  was  given,  the  dogs  lived 
a  longer  time,  but  grew  gradually  thinner,  and  all 
finally  perished.  A  atriiing  difference  was  observed 
between  bone-soup  and  meat-soup  :  the  animals  starved  , 
on  the  first,  and  flourished  on  the  second.  i 

The  conclusion  generally  drawn  from  this  Report 
is,  that  Gelatine  is  not  a  nutritive  substance.  But  all 
that  is  really  proved  by  the  experiments  is  that  Gela- 
tine alone  is  insufficient  for  nutrition ;  a  concliision 
which  is  equally  true  of  albumen,  fibrine,  or  any  other 
single  substance.  For  perfect  nutrition  there  must  be 
a  mixture  of  inorganic  and  organic  substances :  salts, 
fats,  sugars,  and  albuminatfis. 

When  animals  are  fed  on  albumen  alone,  or  white 
of  egg  alone,  with  water  as  the  single  inorganic  element, 
they  perish ;  but  they  live  perfectly  well  on  raw  bones 
and  water — tbe  reason  being  that  bones  contain  salts 
and  small  proportions  of  albumen  and  fats,  to  supple- 
ment the  Gelatine,  and  they  contai/n.  these  in  the  state 
of  organic  combination^  not  in  the  state  of  chemical 
products. 

The  paramount  importance  of  this  last  condition 
may  be  gathered  from  the  experiments  mentioned  in 
the  Gelatine  Report— namely,  that  boiling  the  bones,  or 
digesting  them  in  hydrochloric  acid,  and  thus  resolv- 
ing their  cartilaginous  tissue  into  Gelatine,  deniroyed 
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this  imtritise  quality.  The  very  bones  which,  when 
raw,  supported  life,  failed  utterly  when  boiled.  This 
Beema  to  show  that  Gtlatine  ia  so  altered  by  heat  as 
to  lose  its  power  of  feiTQenting,  and  so  passing  through 
the  transformation  necessary  to  assimilation. 

Attention  ia  called  to  the  fact  of  the  very  small  pro- 
portions of  Albumen  which  exist  iu  the  bones,  as  strik- 
ingly confirming  my  hypothesis  respecting  the  power 
of  the  organism  to  form  Albumen  for  itself,  if  a 
am^  amount  be  present  to  act  aa  a  sort  of  leaven, 
Moleschott  also  maintains,  on  other  grotmds,  that 
Gelatine  must  be  converted  into  Albumen,  since  the 
amount  of  Albumen  in  bones  is  in  itself  utterly  insuf- 
ficient for  the  demands  of  the  tissues ;  *  and  Mulder 
points  to  the  fact  that,  when  an  animal  is  fed  on  Gela- 
tine, we  never  find  this  substance  passing  away  in  the 
excreta :  a  sufficient  proof  that  it  must  in  some  way 
have  been  incorporated  with  the  organism,  or  decom- 
posed in  it,  to  subserve  the  purposes  of  nutrition,  f 

Physiologists  who  admit  some  nutritive  quality  in 
Gelatine,  have  suggested  that  it  is  confined  to  the  forma- 
tion of  the  gelatinous  tisanes.  This  is  one  of  those  hy- 
potheses which  seduce  by  their  plausibility ;  and  accord- 
ingly it  has  been  frequently  adopted,  although  physio- 
logical scrutiny  detects  that  this  is  precisely  one  of  the 
uses  to  which  Gelatme  can  not  bo  turned.  For  on  the  one 
hand  we  sec  that  the  herbivora  have  gelatinous  tissues, 
although  they  eat  no  Gelatine  ;  and,  on  the  other  hand, 

■  MoLKsCBOrr,  Kreiilavfda  Lebeas,  p.  135. 
t  Mulder,  Phgiii^.  ClKmie,  [>  937. 


we  see  that  even  the  camivora,  who  do  obtain  it  in  their  1 
ordinary  food,  cannot  form  their  gelatinous  tissues  out  I 
of  it,  because  Gelatine  is  never  found  in  their  blood,  ] 
from  which  all  their  tissues  are  formed. 

Bernard  has  shown  that  part  of  the  Gelatine  is  con- 
verted into  sugar  ;  and  sugar,  wc  know,  is  necessary 
to  the  organism.  It  may  also  be  converted  into  fat ; 
and,  as  has  been  said,  there  is  much  evidence  to  show 
that  it  may  be  converted  into  Albumen,  among  the 
complex  processes  of  vital  chemistry ;  but  whatever 
may  be  the  decision  respecting  this  point,  there  can  be  ■ 
no  le^timate  reason  for  denying  that  Gelatine  ranks  I 
among  nutritive  principles. 

6.  Fats  and  OtVs. —These  are  various  and  important, 
including  suet,  lard,  marrow,  butter,  and  fixed  oils. 
Vegetables  also  yield  a  great  variety  of  0O3,  fixed,  and  J 
volatile  or  essential      The  quantity  procurable  from 
100  parts  of  vegetable   and  animal  substances  is  as  I 
follows : — 

Filberts,      , 

Olive  seeds, 

Coeoa-nnt,  . 


White  mustard, 

linseed, 

Meuzc, 

Yolk  of  Eggs, 

Ordinary  meat, 

Caviare, 

Ox-iiver, 


Milk,  Cows', 

3.13 

„    Women's,   . 

3.55 

MOk,  Asses', 

0.11 

„     Goats', 

a32 

„    Ewes', 

420 

Bones  of  sheep's  feet,  . 

5.56 

„     of  ox-head. 

11.54' 

Pats  and  oils  are  all  difBeult  of  digestion — more  so, 
indeed,  than  most  other  principles ;  but  the  degree  in 
which  they  are  digestible  is  very  much  a  matter  of 
individual  peculiarity,  some  men  digesting  large  quan- 
tities with  ease,  others  being  unable  to  digest  even 
small  quantities. 

M.  Berths  instituted  an  elaborate  aeries  of  experi- 
ments on  his  own  person,  with  the  view  of  ascertaining 
the  comparative  digestibility  of  various  fata  and  oils.-f- 
The  following  classification  of  his  results  is  all  we  can 
find  space  for. 

First  class,  comprising  those  difficult  of  digestion : 
Olive  oU,  almond  oil,  poppy-seed  oil. 

Second  class,  comprising  those  easy  of  digestion ; 
Whale  oil,  butter  and  animal  fats,  colourless  liver-oil 

Third  class,  compiiaing  those  very  easy  of  digestion  : 
Pore  Uver-oU. 

It  should  be  remembered  that  great  differences  are 
observable  according  to  the  state  in  which  oils  are 
eaten.      If  taken  by  themselves,    they   are   scarcely 

■  PEREiHA  ;    Trealiti  o%  Dill,  p.  187. 
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ing  feelings  excited  in  many  dyspeptics  by  the  inges- 
tion of  mutton-fat,  butter,  and  fish-oils,  are  in  this  way 
readily  accounted  for,  since  all  these  substances  contain 
each  one  or  more  volatile  acids  to  which  they  owe  their 
odour.  Thus  mutton-fet  contains  hircic  acid ;  butter, 
no  less  than  three  volatile  acids — viz.  butyric,  capric, 
ftud  eaproic  acids;  while  train-oil  contains  phocenic 
acid."  * 

The  effect  of  a  high  temperature  on  fat  ia  to  render 
it  still  more  unsuitable  to  the  stomach;  and  all  persons 
troubled  with  an  awful  consciousness  of  what  Digestion 
is,  and  not  liyiiig  in  that  happy  eupeptic  ignorance 
which  only  knows  Digestion  as  a  name,  should  avoid 
food  in  the  cooking  of  which  much  fat  or  oil  has  been 
subjected  to  a  high  temperature — as  in  fiying  in  butter 
or  lard.  Melted  butter,  battered  toast,  pastry,  suet- 
puddings,  fat  hashes  and  stews,  are  afflictions  to  the 
dyspeptic  ;  and  although  the  oil  which  is  eaten  with 
salad  does  not  assist  the  digestion  of  the  salad,  as  many 
writers  and  most  salad-eaters  maintain,  it  is  assuredly 
far  more  digestible  than  any  fat  or  oil  which  has  been 
cooked,  probably  because  it  contains  no  free  volatile 
acid. 

Besides  the  fats  a.nd  fixed  oils,  there  are  certain  vol- 
atile (essential)  oils  employed  as  condiments.  These 
are  contained  in  the  leaves  and  seeds  of  sage,  mint, 
thyme,  marjoram,  fennel,  parsley,  anise,  and  caraway ; 
to  which  may  be  added,  mustard,  horse-radish,  water- 
cress, onions,  leeks,  and  various  spicea.  The  volar 
•  Peebibs,  p.  in. 
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ing  feelmga  excited  in  many  dyspeptics  by  the  inges- 
tion of  mutton-fat,  butter,  and  fish-oils,  are  in  this  way 
readily  accounted  for,  since  all  these  substances  contain 
each  one  or  more  volatOe  acids  to  which  they  owe  their 
odour.  Thus  mutton-fat  containa  hircie  acid ;  butter, 
no  less  than  three  volatile  acids — viz.  butyric,  capric, 
and  caproic  acids;  while  train-oil  contains  phocenie 
acid."  * 

The  effect  of  a  high  temperature  on  fab  ia  to  render 
it  still  more  unaoitable  to  the  stomach ;  and  all  persons 
troubled  with  an  awful  consciousness  of  what  Digestion 
is,  and  not  Kving  in  that  happy  eupeptic  ignorance 
which  only  knows  Digestion  as  a  name,  should  avoid 
food  in  the  cooking  of  which  nauch  fat  or  oil  has  been 
subjected  to  a  high  temperature — as  in  frying  in  butter 
or  lard.  Melted  butter,  buttered  toast,  pastry,  suet- 
puddings,  fat  hashes  and  stews,  are  afflictions  to  the 
dyspeptic  ;  and  although  the  oil  which  is  eaten  with 
salad  does  not  assist  the  digestion  of  the  salad,  aa  many 
writers  and  most  salad-eaters  maintain,  it  is  assuredly 
fai  more  digestible  than  any  fat  or  oil  which  has  been 
cooked,  probably  because  it  contains  no  free  volatile 
add. 

Besides  the  fata  and  fixed  oils,  there  are  certain  vol- 
atile (essential)  oib  employed  as  condiments.  These 
are  contained  in  the  leaves  and  seeds  of  sage,  mint, 
thyme,  marjoram,  fennel,  parsley,  anise,  and  caraway ; 
to  which  may  be  added,  mustard,  horse-radish,  water- 
cress, onions,  leeks,  and  various  spices,  The  vola- 
•  pimBiRA,  p.  171. 
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ing  feelings  excited  in  many  djapeptics  by  the  inges- 
tion of  mutton-fat,  butter,  and  fish-oils,  are  in  this  way 
readily  accounted  for,  since  all  these  substances  contain 
each  one  or  more  volatile  acids  to  ■which  they  owe  their 
odour.  Thus  mutton-fat  contains  hircic  acid ;  butter, 
no  less  than  three  volatile  acids — viz.  butyric,  capric, 

I  and  caproic  acids;  while  train-oU  contains  phocenic 

•  acid."* 

The  effect  of  a  high  temperature  on  &t  is  to  render 
it  still  more  unsuitable  to  the  stomach ;  and  £dl  persona 
troubled  with  an  awful  consciousness  of  what  Digestion 
,  and  not  living  in  that  happy  eupeptic  ignorance 
■which  only  knows  Digestion  as  a  name,  should  avoid 
food  in  the  cooking  of  which  much  fat  or  oil  has  been 
subjected  to  a  high  temperature — as  in  frying  in  butter 
■  lard.  Melted  butter,  buttered  toast,  paatry,  suet 
puddings,  iai,  hashes  and  stews,  are  aflictions  to  the 
dyspeptic  ;  and  although  the  oil  which  is  eaten  with 
salad  does  not  assist  the  digestion  of  the  salad,  as  many 
writers  and  most  salad-eaters  maintain,  it  is  assuredly 
far  more  digestible  than  any  fat  or  oil  which  has  been 
cooked,  probably  because  it  contains  no  free  volatile 
odd. 

Besides  the  fats  aadfixed  oils,  there  are  certain  vol- 
atile (essential)  oils  employed  as  condiments.  These 
are  contained  in  the  leaves  and  seeds  of  sage,  mint, 
thyme,  marjoram,  fennel,  parsley,  anise,  and  caraway ; 
to  which  may  be  added,  mustard,  horse-radish,  water- 
cress, onions,  leek.s,  and  various  spices.  The  vola- 
•  Pebziba,  p.  171. 
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I  ing  feelings  excited  in  many  dyspeptics  by  the  inges- 

I  tion  of  mutton-fat,  butter,  and  fiah-oUs,  are  in  this  way 
readily  accounted  for,  since  all  these  substances  contain 
each  one  or  more  volatile  acida  to  which  they  owe  their 
odour.  Thus  mutton-fat  contains  faircic  acid ;  butter, 
no  less  than  three  volatile  acids — viz.  bu^ric,  capric, 

I  and  caproic  acids;  while  train-oil  contains  phocenic 

1  acid"* 

The  effect  of  a  high  temperature  on  fat  is  to  render 
it  still  more  unsuitable  to  the  stomach ;  and  all  persons 
troubled  with  an  awful  consciousness  of  what  Digestion 
is,  and  not  living  in  that  happy  eupeptic  ignorance 
which  only  knows  Digestion  as  a  name,  should  avoid 

I  food  in  the  cooking  of  which  nauch  fat  or  oil  has  been 
subjected  to  a  high  temperatiu-e — as  in  fiying  in  butter 
or  lard.  Melted  butter,  buttered  toast,  pastry,  suet- 
puddings,  fat  hashes  and  stews,  are  afflictions  to  the 
dyspeptic  ;  and  although  the  oil  which  is  eaten  with 
salad  does  not  assist  the  digestion  of  the  salad,  as  many 
writers  and  most  salad-eaters  maintain,  it  is  assuredly 
far  more  digestible  than  any  fat  or  oil  which  has  been 
cooked,  probably  because  it  contains  no  free  volatUe 
add. 

Besides  the  fata  and  fixed  oils,  there  ai'e  certain  vol- 
atile (essential)  oils  employed  as  condiments.  These 
are  contained  in  the  leaves  and  seeds  of  sage,  mintj 
thyme,  marjoram,  fennel,  parsley,  anise,  and  caraway ; 
to  which  may  be  added,  mustard,  horse-radish,  water- 
cress, onions,  leeks,  and  various  spices.  The  vola- 
•  PEHKIR4,  p.  171. 
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ted  in  many  dyspeptics  by  the  ioges- 
it,  butter,  and  fish-oils,  are  in  this  way 
I  for,  since  all  these  substances  contain 
i  volatile  acids  to  which  they  owe  their 
utton-fat  contains  hircic  acid ;  butter, 
;e  volatile  acids — viz.  butyric,  capric, 
Is;  while  train-oil  contains  pbocenic 

1  high  temperature  on  fat  is  to  tender 
uitable  to  the  stomach;  and  all  persons 
awful  consciousness  of  what  Digestion 
ig  in  that  happy  eupeptic  ignorance 
'a  Digestion  as  a  name,  should  avoid 
ng  of  which  much  fat  or  oil  has  been 
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Lts  anA  fixed  oils,  there  are  certain  vol- 
)  oils  employed  as  condiments.  These 
in  the  leaves  and  seeds  of  sage,  mint, 
■am,  fennel,  parsley,  anise,  and  caraway ; 
be  added,  mustard,  horse-radish,  water- 
leeks,  and  various  spices.  The  vola- 
*  Fbbura,  p.  171. 


we  see  that  even  the  oamivora,  who  do  obtain  it  in  their 
ordinary  food,  cannot  form  their  gelatinous  tissnea  ont 
of  it,  because  Gelatine  is  never  found  in  their  blood, 
from  which  all  their  tissues  are  formed. 

Bernard  has  shown  that  part  of  the  Gelatine  is  con- 
verted into  sugar  ;  and  sugar,  we  know,  is  necessary 
to  the  organism.  It  may  also  be  converted  into  fat ; 
and,  as  has  been  said,  there  is  much  evidence  to  show 
that  it  may  be  converted  into  Alhunien,  among  the 
complex  processes  of  vital  chemistry ;  but  whatever 
may  be  the  decision  respecting  this  point,  there  can  be 
no  legitimate  reason  for  denying  that  Gelatine  ranlta 
among  nutritive  principles, 

6.  Fats  and  Oils.— ThcBe  are  various  and  important, 
including  suet,  lard,  marrow,  butter,  and  fixed  oils. 
Vegetables  also  yield  a  great  variety  of  oils,  fixed,  and 
volatile  or  essential      The  quantity  procurable  from 


100  parts  of  vegetable   and  i 
follows : — 

Filberts,      . 

Olive  seeds, 

Cocoa-nut,  . 

Almonds,     . 

White  mustard, 

Linseed, 

Maize, 

Yolk  of  %g8, 

Ordinary  meat. 

Caviare, 

Ox-liver, 


1  substances  is  s 
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Milk,  Cows,        .        .        .        .  ai3 

„    Women's,  ....  3.55 

Milk,  Asses',        ....  O.ll 

Goats',        ....  3.32 

Ewes',         ....  4.20 

Bones  of  sheep's  feet,  .        .        .  5.55 

„     of  ox-head,         .        .         .  11.54* 

Fats  and  oils  are  all  difficult  of  digestion — ^more  so, 
indeed,  than  most  other  principles ;  but  the  degree  in 
which  they  are  digestible  is  very  much  a  matter  of 
individual  pecidiarity,  some  men  digesting  large  quan- 
tities with  ease,  others  being  unable  to  digest  even 
small  quantities. 

M.  Berths  instituted  an  elaborate  series  of  experi- 
ments on  his  own  person,  with  the  view  of  ascertaining 
the  comparative  digestibility  of  various  fats  and  oila-f* 
The  following  classification  of  his  results  is  aU  we  can 
find  space  for. 

First  class,  comprising  those  difficult  of  digestion : 
Olive  oil,  almond  oil,  poppy-seed  oil 

Second  class,  comprising  those  easy  of  digestion  : 
Whale  oil,  butter  and  animal  fats,  colourless  liver-oil 

Third  class,  comprising  those  very  easy  of  digestion  : 
Pure  liver-oil. 

It  should  be  remembered  that  great  differences  are 
observable  according  to  the  state  in  which  oils  are 
eaten.      If  taken  by  themselves,    they  are  scarcely 

•  Pebeiba  :  Treatise  on  Diet,  p.  167. 

t  Bebthe:  Moniteur  des  HdpUaux,  1856,  ^o,  Gd,    Caksrtait: 
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we  see  that  even  the  camivora,  who  do  obtain  it  in  their 
ordinary  food,  cannot  form  their  gelatinous  tissues  out 
of  it,  because  (Jelatine  is  never  found  in  their  blood, 
from  which  all  their  tissues  are  formed. 

Bernard  has  shown  that  part  of  the  Gelatine  is  con- 
verted into  sugar  ;  and  sugar,  we  know,  is  necessary 
to  the  organism.  It  may  also  be  converted  into  fat ; 
and,  as  has  been  said,  there  is  much  evidence  to  show 
that  it  may  be  converted  into  Albumen,  among  the 
complex  processes  of  vital  chemistry ;  but  whatever 
may  be  the  decision  respecting  this  point,  there  can  be 
no  legitimate  reason  for  denying  that  Gelatine  ranks 
among  nutritive  principles. 

6.  Fata  and  Oils. — These  are  various  and  important, 
including  suet,  lard,  marrow,  butter,  and  fixed  oils. 
Vegetables  also  yield  a  great  variety  of  oils,  fixed,  and 
volatde  or  essential  The  quantity  procurable  from 
100  parts  of  vegetable  and  animal  substances  is  as 


Filberts,      . 

Olive  seeds, 

Ooeoa-nnt,  . 

Almonds,     . 

White  mustard. 

Linseed, 

Maize, 

Yolk  of  Eggs, 

Ordinary  meat. 

Caviare, 

Ox-tiver, 


Mat,  Cows; 

3-13 

„    Womsn'B,  . 

3.55 

Milk,  Asses; 

0.11 

„     Goate',        . 

3.32 

„    Ewes', 

420 

Bones  of  sheep's  feet,  . 

5,55 

„     of  ox-head. 

11.54* 

Fats  and  oils  are  all  difficult  of  digestion — more  so, 
indeed,  than  most  other  principles ;  but  the  degree  in 
which  they  are  digestible  is  very  mnch  a,  matter  of 
individual  pecuharity,  some  men  digesting  large  quan- 
tities with  ease,  others  being  unable  to  digest  even 
small  quantities. 

M.  Berths  instituted  an  elaborate  series  of  experi- 
ments on  his  own  person,  with  the  view  of  ascertaining 
the  comparative  digestibility  of  various  fats  and  oila.-f 
The  following  classification  of  his  results  is  all  we  can 
find  space  for. 

Pirst  class,  comprising  thoae  difficult  of  digestion ; 
Olive  oU,  almond  oil,  poppy-seed  oil. 

Second  class,  comprising  those  easy  of  digestion  : 
Whale  oil,  butter  and  animal  fats,  colourless  liver-oiL 

Third  class,  compiising  those  very  easy  of  digestion  : 
Pure  liver- oil. 

It  should  be  remembered  that  great  differences  are 
observable  according  to  the  atote  in  which  oils  are 
eaten.      If  taken   by  themselves,    they  are   scarcely 
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affected  by  the  digestire  process,  and  act  as  laxatives  ; 
but  if  taken  mingled  with  other  substances,  they  may 
be  reduced  to  an  emulsion,  and  SO  absorbed. 

Thus  we  eat  olive  oil  with  salad,  or  butter  with 
bread,  and  the  greater  part  is  absorbed ;  but  tlie  same 
amount  of  olive  oil  administered  alone  would  act  as  a 
pui^e.  It  is  owing,  moreover,  to  the  minute  state  of 
subdivision  and  mixture  of  the  oils  -in  all  vegetable 
substances  that  they  are  so  much  more  digestible  than 
animd  fats. 

Dr  Pereira  quotes  the  statement  of  Dr  Beaumont, 
that  "bOe  is  seldom  found  in  the  stomach,  except 
under  peculiar  circumstances.  I  have  observed  that 
when  the  use  of  fat  or  oily  food  has  been  persevered  in 
for  some  time,  there  is  generally  a  presence  of  bile  in 
the  gastric  fluids."  Upon  which  Dr  Pereira  remarks 
that  the  popular  notion  of  oily  or  fatty  foods  "  causing 
bOe"  is  not  so  groundless  as  medical  men  have  gen- 
erally supposed.  The  reason  of  fat  being  indigestible 
is  thus  suggested :  "  In  many  dyspeptic  individuals, 
fat  does  not  become  properly  chymilied.  It  floats  on 
the  contents  of  the  stomach  in  the  form  of  an  oily 
pellicle,  becoming  odorous,  and  sometimes  highly 
rancid,  and  in  this  state  excites  heartburn,  nausea,  and 
eructations,  or  at  times  actual  vomiting.  It  appears 
to  me  that  the  greater  tendency  which  some  oily  sab- 
stances  have  than  others  to  disturb  the  stomach,  de- 
pends on  the  greater  facility  with  which  they  evolve 
volatile  fatty  acids,  which  are  for  the  most  part  exceed- 
ingly acrid  and  irritating.    The  unpleasant  and  distress- 


ing  feeliiga  excited  in  many  dyspeptics  by  the  inges- 
tion of  mutton-fat,  butter,  and  fiah-oils,  are  in  this  way 
readily  accounted  for,  since  all  these  substances  contain 
each  one  or  more  volatile  acids  to  which  they  owe  their 
odour.  Thus  mutton-fat  contains  hircic  acid ;  butter, 
no  leaa  than  three  volatile  acids— viz.  butyric,  caprie, 
and  caproic  acids;  whOe  train-oil  contains  phocenic 
acid"  * 

The  efi'ect  of  a  high  temperature  on  taX  ia  to  render 
it  still  more  unsuitable  to  the  stomach;  and  all  persons 
troubled  with  an  awful  consciousness  of  what  Digestion 
is,  and  not  liyijig  in  that  happy  eupeptic  ignorance 
which  only  knows  Digestion  as  a  name,  should  avoid 
food  in  the  cooking  of  which  much  fat  or  oil  has  been 
subjected  to  a  high  temperature — as  in  frying  in  butter 
or  lard.  Melted  butter,  buttered  toast,  pastry,  Buet- 
puddings,  fat  hashes  and  stews,  are  afflictions  to  the 
dyspeptic  ;  and  although  the  oil  which  is  eaten  with 
salad  does  not  assist  the  digestion  of  the  salad,  as  many 
writers  and  most  salad-eaters  maintain,  it  is  assuredly 
far  more  digestible  than  any  fat  or  oil  which  has  been 
cooked,  probably  because  it  contains  no  free  volatile 
acid. 

Besides  the  fats  find  fixed  oils,  there  are  certain  vol- 
atile (essential)  oils  employed  as  condiments  These 
are  contained  in  the  leaves  and  seeds  of  sage,  mint, 
thyme,  marjoram,  fennel,  parsley,  anise,  and  caraway ; 
to  which  may  be  added,  mustard,  horse- radish,  water- 
treaa,  onions,  leeks,  and  various  apices.  The  vola- 
•  Peehra,  p.  171- 


tile  oil  contained  in  each  of  these  substances  stimu- 
lates but  does  not  incorporate  itself  with  the  organ- 
ism, and  ia  soon  ejected,  retaining  its  characteristic 
odour. 

7.  Starch.  —  The  gentle  housewife,  familiar  with 
starch  only  in  its  relations  to  the  wash-tub,  will  be  pro- 
bably surprised  at  meeting  with  it  among  articles  of 
food  ;  yet  under  the  various  names  of  amylum,  fecula, 
farinaceous  matter,  and  starch,  this  substance,  widely 
distributed  oyer  the  vegetable  kingdom,  ranks  as  an 
important  alimentary  principle.  It  must,  however,  be 
cooked  before  it  can  be  eaten.  It  is  never  found  in  the 
blood,  nor  in  the  tissues,  so  that  we  are  certain  it  is 
transformed  during  the  digestive  process  ;  and  some  of 
these  transformations  have  been  detected :  first,  as  it 
passes  into  dextrine,  and  thence  into  sugar,  and  most 
probably  fat. 

The  various  starchy  substances  —  sago,  tapioca, 
arrowroot,  and  iouB  lea  mois,  have  been  so  amply 
treated  of  by  Professor  Johnston  in  his  admirable 
Cheinistry  of  Common  Life,  that  our  readers  need 
only  be  directed  to  his  pagea. 

8.  Sugar. — -Sugar  exists  abundantly  in  vegetables, 
and  in  some  animal  substauees,  notably  inilk  and  liver. 
Dr  Pereira  has  compiled  the  following  table,  which  ex- 
hibits the  proportion  of  sugar  in  100  parts  : — 

Barley-meal,  .         .        .        .        5.21 

Oatmeal, 8,25 

Wheat-flour,  ....         8,48 

Wheat-bread,         .        .        ,        .         3.  6 


Rye-meal, 
Maize,  . 
Rice, 
Pease,    .  ^ 

Figs,     . 


jresh  npe  peai 

Gooseberries, 

Cherries, 

Apricot, 

Peach,  . 

Beet-root, 


6.4S 
6.24 


18.12 

11.61 
16.4i8 
9.  0 

That  sugar  is  nutritious  no  one  doubts.  Although 
easily  digested,  there  are  persons  with  whom  it  dis- 
agrees, and  in  some  dyspeptics  it  produces  flatulency 
and  acidity.  There  is  no  tiasae  into  the  composition 
of  which  it  enters  as  a  constituent,  unless  we  make  an 
exception  in  favour  of  muscle,  in  which  Scherer  has 
discovered  a  substance,  by  him  named  inosite,  having 
the  chemical  composition  of  sugar  (C"  H'''  0'^,  but 
having  none  of  its  characteristic  properties,  and  exist- 
ing, moreover,  in  extremely  minute  quantities. 

The  sugar  we  find  in  the  blood  and  milV  is  not 
derived  from  the  sugar  we  eat ;  that  is  transformed 
into  fat,  lactic  acid,  and  other  substances.  The  sugar 
of  the  blood  is  formed  partly  from  the  starchy  sub- 
stances of  our  food  during  the  process  of  digestion  ;  the 
rest  is  formed  by  the  liver,  and  is  formed  _/rom  albu- 
minous substances  in  their  passage  through  the  liver ; 
the  quantity  being  wholly  independent  of  any  amount 


of  sugar  taken  in  the  food,  and  being  the  same  in 
amount  when  none  is  taken  in  the  food.* 

Because  sugar  forms  part  of  no  tissue,  and  is  a  carbo- 
hydrate, it  is  classed  by  Liebig's  schoql  among  heat- 
making  foods.  But  we  not  only  saw  ample  reason  for 
rejecting  such  an  idea  when  we  considei-ed  the  generd 
question — we  mast  even  more  peremptorily  reject  it,now 
that  we  come  to  grapple  with  the  details.  Against  the 
supposition  of  sugar  having  no  plastic  property,  it  is 
enough  to  oppose  the  fact  that  many  insects  feed 
solely  on  sugar  and  saccharine  juices ;  and  in  them, 
therefore,  it  is  clear  that  something  more  than  heat  ia 
evolved  from  sugar.  Lehmann  also  bids  us  remember 
that  in  the  egg  a  small  quantity  of  sugar  exists,  and 
this  quantity  increases,  instead  of  duninishing,  as  the 
development  of  the  chick  proceeds ;  whereas,  if  sugar 
ouly  served  for  purposes  of  oxidation,  it  would  be 
oxidised  and  disappear  as  development  advanced. 

In  the  Chemistry  of  Common  Life,  the  subject  of 
sugar  is  treated  in  detail,  which  renders  repetition  here 
superfluous.     Two  questions  only  need  be  touched 
Is  sugar  ii^nrious  to  the  teeth  ?    Is  it  injurious  to  the 


•  Cladde  BERKAim's  discovery  of  this  sugRr-formii 
the  UvfiT  liBB  baen  attaefced  bj-  FlODlEB,  LONOBT,  snd  others  ;  but  tbo 
dimnarfon,  after  exciting  cons-idomblo  sensation,  may  now  be  said  l< 
hti  finally  closed  In  BsaNAsn'a  iarour.  See  bis  masterly  Lrfora  d- 
Fhysiol.  ExjifriiRenlale,  1854-5  i  and  IbaMfnairo  on  both  sides  in  tL< 
Avnala  da  Scienca NaiuTiUa,  18S4-6  ;  and  theEeportof  the  Com- 
missiDn  appointed  by  the  Acad€mie  do  Medicioe,  reprinted 
Baows  SEqaABi/s  Jouriu^  de  la  FKytialogU,  i.  54B, 
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Negroes,  who  eat  more  sugar  than  auy  other  liumati 
beings,  and  whose  teeth  are  of  enviable  splendoui-  aud 
strength. 

To  answer  the  second  is  not  so  easy  ;  yet,  when  we 
leam  the  many  important  offices  which  sngar  fulfils  in 
the  organism,  we  may  be  certaLu  that,  if  injuiious  at 
alJ,  it  is  only  so  in  excess.  The  lactic  acid  formed  from 
sugai-  dissoives  phosphate  of  lime,  and  this,  as  we 
know,  is  the  principal  ingredient  of  bones  aud  teeth. 
By  its  dissolution  it  becomes  accessible  to  the  bones 
and  teeth  ;  and  as  sngar  effects  this,  its  utility  ia  vindi- 
cated. But  a  surer  argument  is  fonnded  on  the  instinct 
of  mankind.  If  we  all  so  eagerly  eat  sugar,  it  is  because 
there  is  A  natural  relation  between  it  and  our  organism. 

Timid  parents  may  therefore  check  their  alarm  at 
the  sight  of  juvenile  forays  on  the  sugar-basin  when 
not  excessive ;  may  cease  to  vex  children  by  forbid- 
ding moderate  commercial  transactions  with  the  loUy- 
pop  merchant,  and  cease  to  frustrate  their  desires  for 
barley-sugar  by  the  never-appreciated  pretext,  that  the 
interdict  is  "  for  their  good." 

9.  Alcohol. — K  it  astonished  the  reader  to  see  water 
and  salts  classed  as  alimentary  principles,  if  it  pnzzled 
the  housewife  to  see  starch  placed  on  the  same  list,  it 
will  we  fear  exasperate  the  members  of  Temperance 
Societies  to  see  alcohol  eleva.ted  to  that  rank.  They 
are  accustomed  to  call  alcohol  a  poison,  to  preach 
against  it  as  poisonous  in  large  doses  or  small,  con- 
centrated  or   diluted.      Nevertheless,   in  compliance 
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■with  the  dictates  of  Physiology,  and,  let  me  add,  in 
compliance  also  with  the  custom  of  phyaiologiata,  ! 
we  are  forced  to  call  alcohol  food,  aod  very  efficient 
food  too,  K  it  be  not  food,  then  neither  is  sugar  i 
food,  nor  starch,  nor  any  of  those  manifold  aubstancea 
employed  by  man  which  do  not  enter  into  the  composi- 
tion of  his  tissues.  That  it  produces  poisonoua  effects 
when  concentrated  and  taken  in  large  doses,  is  per- 
fectly true ;  but  that  similar  effects  follow  when  diluted, 
and  taken  in  small  doses,  is  mamfestly  false,  as  proved 
by  daily  experience. 

Every  person  practically  acquainted  with  the  subject 
knows  that  concentrated  alcohol  has,  among  other  effect^  ■ 
that  of  depriving  the  mucns  membrane  of  the  stomac 
of  all  its  water — i  e.  of  hardening  it,  and  destroy! 
Its  powers  of  secretion  ;  whereas  diluted  alcohol  does 
nothing  of  the  kind,  but  increases  the  secretion  by  the 
stimulus  it  gives  to  the  circulation.  The  alcohol  ia 
always  much  diluted  which  is  taken  in  wines  or  spirits. 

An  instructive  illustration  of  the  difference  between 
a  concentrated  and  diluted  dose  is  seen  in  Bardeleben's 
experiment  on  dogs.  He  found  that  forty-five  grains 
of  common  salt,  introduced  at  once  into  the  stomach 
through  an  opening,  occasioned  a  secretion  of  mucna, 
followed  by  vomitings ;  whereas  five  times  that  amount 
of  salt  in  solution  produced  neither  of  these  effects. 
The  explanation  is  simple,  and  will  be  understood  by 
any  one  who  has  seen  the  salt,  which  was  sprinkled 
over  a  round  of  beef,  converted  into  brine,  owing  to  the 
attraction  exercised  by  the  salt  on  the  water  in  the 


I  beef :  this  atbaedon  is  incalctilablj  smaller  vlien  Uie 
salt  is  in  solntiim,  and  die  salt  is  already  Batmabed. 

We  might  mnMpIf  ezamples  of  the  differeoces  wliich 
result  from  the  am  of  etmcentraUd  ani  d^uted  agents, 
or  from  differences  in  tlie  quantities  employed ;  as  when 
a  certain  amoimt  of  acid  as»sts  digestion,  bat,  if  in- 
creased, aiTcsts  it  Bnt  the  demonstnticKi  of  each  a 
position  is  nnnecessary,  since  no  well-informed  phy- 
raologist  will  deny  It  The  fallacy  of  concluding  that 
whatever  is  true  of  a  large  qaantity  of  concentrated 
alcohol  is  equally  true,  in  a  proportionate  degree,  of  a 
small  quantity  of  dilnted  alcohid,  hes  indeed  at  the  bam 
of  the  Total  Abstinence  doctrine.  Bat  we  need  scarcely 
tell  the  student  that  the  difference  of  effect  is  absolate : 
a  difference  in  kind,  and  not  simply  in  degree. 

Another  fallacy  in  the  Teetotal  argqm<:^at,  aod  one 
constantly  invoked,  is  this :  You  must  abstain  alto- 
gether from  alcoholic  drinks,  since,  unless  you  abstain, 
yon  are  certain  to  end  in  excess.  Moderation  neces- 
sarily becomes  excess,  because  the  frame  gets  habitu- 
ated to  stimulants ;  and  thus,  to  produce  the  original 
effect,  you  must  gradually  increase  the  dose  :  accord- 

5  to  Dr  Carpenter,  that  which  was  "  at  first  suffi- 
cient to  whet  the  appetite  and  increase  tie  digestive 
power,  being  no  longer  found  adequate." 

I  have  elsewhere*  answered  this,  as  well  as  the 
other  fallacies  of  Teetotalism,  and  will  venture  to  re- 


■  WatmiiutrT  Rtviea,  Nbw  Series,  vol.  viii.  Art.  Tlit  Fhsiiologi- 
eal  Errori  of  Teelolaliim.  Compare,  alto,  CBAUEEaa :  Dtgtilion  atid 
•li  Derani/tmeuli,  p.  5S6-S9,  vhere  same  of  the  az)^meiit«  are  reet&te-t. 


peat  a  few  sentences  here :    "  He  who  drinks  will  I 
drink  again,  and  Modera.tion,  we  know,  oils  the  lunges   ' 
of  the  gate  leading  to  Excess.     Nobody  doubts  the 
danger.    The  only  absolute  preservative  against  tak- 
ing too  much,  is  to  take  none.     But  to  suppose  there 
is  any  necessary  connection  between    moderation  and 
excess,  is  to  ignore  physiology,  and  fly  in  the  face  of 
evidence.    ....     Men  take  their  pint  of  beer,  or  J 
pint  of  wine  daily,  for  a  series  of  years.     This  dose  I 
daily  produces  its  effect ;  and  if  at  any  time  thirst  or  I 
social  seduction  makes  them  drink  a  quart  in  lieu  of  a  I 
pint,  they  are  at  once  made  aware  of  the  excess.     Men  | 
drink  one  or  two  cups  of  tea  or  coffee  at  breakfast  with 
unvarying  regularity,  for  a  whole  lifetime ;  but  who  I 
ever  felt  the  necessity   of   gi'adually  iucreasing  the  I 
amount  to  three,  four,  or  five  cups?    Yet  we  know  I 
what  a  stimulant  tea  is ;  we  know  that  treble  the  | 
amount  of  our  daily  consumption  would  soon  proi 
pai'alyais — why  are  we  not  irresistibly  led  to  this  fatal  ] 
excess  ?     Every  time  fresh  oil  is  poured  ou  fresh  burn- 
ing coal,  the  same  phenomenon  presents  itself ;  every  I 
time  an  eel  is  skinned,  he  wriggles  with   ancestral  I 
vigour,  and  will  not  become  'used  to  it.'     In  like  ' 
manner,  every  time  a  fresh  stimulus  is  applied  to  fresh 
nerve  tissue,  the  original  effect  ensues.    For  we  must 
not  forget  this :  the  tissue  burnt  to-day  is  not  the 
tissue  that  was  burnt  yesterday ;  the  nerve  particles 
stimulated  by  alcohol  to-day  will  not  be  living  to- 
morrow, when  fresh  stim.ulu3  is  applied.     Change — in- 
cessant change,  is  the  law  of  our  being.     Fresh  food 
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renews  fresh  tissue  for  fresh  stimulajits  to  act  upon. 
The  basket  is  always  wriggling  with  eels ;  but  the  eels 
are  strangers,  and  can't  get  used  to  sJrinning." 

On  the  other  hand,  it  is  needless  to  dwell  on  the 
dangers  which  unhappily  surround  the  use  of  alcohol 
Terrible  is  the  power  of  this  "tricksy  spii'it;"  and 
when  acting  in  conjunction  with  ignorance  and  sejisu- 
ality,  its  effects  are  appalling.  So  serious  an  inflaeuce 
does  it  exercise  on  human  welfare,  that  we  may  readily 
extenuate  the  too  frequent  exaggerations  of  those  zealous 
men  who  have  engaged  in  a  league  for  its  total  sup- 
pression. So  glaring  are  the  evils  of  intemperance, 
that  we  must  always  respect  the  motives  of  Temper- 
ance Societies,  even  when  we  most  regret  their  exag- 
gerations. They  are  fighting  against  a  hideous  vice,  and 
we  must  the  more  regret  when  zeal  for  the  cause  leads 
them,  as  it  generally  leads  partisans,  to  make  sweeping 
charges,  which  common  sense  is  forced  to  reject.  All 
lionour  for  the  brave  and  sincere ;  ail  scorn  for  the 
noisy  shallow  quacks  who  make  a  trade  of  the  cause  ! 

No  real  gain  can  be  achieved  by  any  cause  when  it 
eludes  or  perverta  the  truth  ;  and  whatever  temporaiy 
effect,  in  speeches  or  writings,  may  arise  from  the 
iteration  of  the  statement  that  alcohol  is  poison — a 
poison  in  small  quantities,  as  in  large — always  and 
everywhere  poisonous — the  cause  must  permanently 
lose  ground,  because  daily  experience'  repudiates  such 
a  statement  as  manifestly  false.  Alcohol  replaces  a 
given  amoimt  of  ordinary  food,  liebig  tells  us  that, 
in  Temperance  families  where  beer  was  withheld  and 


money  given  in  compensation,  it  was  soon  found  that 
the  monthly  conaumption  of  bread  was  so  striMngly 
increased,  that  the  beer  waa  twice  paid  for,  once  in 
money,  and  a  second  time  in  bread  He  also  reports 
the  experience  of  the  landlord  of  the  H6tel  de  Kassie, 
at  Frankfort,  during  the  Peace  Congress :  the  members 
of  this  Congress  ■were  mostly  teetotallers,  and  a  regular 
deficiency  was  observed  every  day  in  certain  dishes, 
especially  farinaceous  dishes,  puddings,  &e.  So  un- 
heard-of a  deficiency,  in  an  establishment  where  for 
years  the  amount  of  dish«s  for  a  given  number  of  per- 
sons had  so  well  been  known,  excited  the  landlord's 
astonishment  It  was  found  that  men  made  up  in 
pudding  what  they  neglected  in  wine.  Every  one 
knows  how  little  the  drunkard  eats :  to  him  alcohol 
replaces  a  given  amount  of  food. 

The  general  opinion  among  physiologists  is,  that 
alcohol  is  only  heatr-producing  food,  and  that  it  there- 
by saves  the  consumption  of  tissue.  Moleschott  says 
that,  although  forming  none  of  the  constituents  of 
blood,  alcohol  limits  the  combustion  of  those  conati- 
tuenta,  and  in  this  way  is  equivalent  to  so  much  blood. 
"  He  who  has  little  can  give  bat  little,  if  he  wish  to 
retain  as  much  as  one  who  is  prodigal  of  his  wealth. 
Alcohol  is  the  savings'  bank  of  the  tissues.  He  who 
eats  little,  and  diinks  alcohol  in  moderation,  retains  as 
much  in  his  blood  and  tissues  as  he  who  eats  more,  and 
drinks  no  alcohol"*     But  the  physiological  action  of 

*  MoLESOBOtT;  Lchre  dfr  !fa}iru'i.giinittel,  p.  IfiS. 
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alcohol  is  still  unexplained ;  we  know  that  it  does  sus- 
tain and  increase  the  force  of  the  body ;  we  know  that 
it  supplies  the  place  of  a  certain  quantity  of  food ;  bnt 
how  it  does  this  we  do  not  know.     It  is  said  to  be 

burnt"  in  the  body,  and  to  make  its  exit  as  carbonic 
»cid  and  water  ;  but  no  proof  has  yet  been  offered  of 

lis  assertion.  Some  of  it  escapes  in  the  breath,  and 
ia  certain  of  the  secretions;  bat  how  much  escapes  in 
this  way,  and  what  becomes  of  the  rest,  if  any,  is  at 
.present  a  mysteiy. 

10.  Iron. — We  are  passing  from  stuprise  to  surprise 
as  we  intumarriveat  substances  undoubtedly  claiming 
rank  among  alimentary  principles,  which  nerertheless.  in 
the  ordinary  conceptions  of  men,  are  the  very  opposit«3 
of  Food.  After  water,  phosphates,  starch,  and  alcohol, 
are  we  now  to  celebrate  the  nutritive  qualities  of  iron  ? 
Even  so.  That  metal  circulates  in  our  blood,  forming 
indeed  an  essential  element  of  the  blood-discs — existing 
in  all  pigments — in  the  bile — ^in  various  other  places — 

lOtabiy  in  the  hair,  where  it  is  abundant  in  propor- 

ion  to  the  darkness  of  the  colour. 

The  quantity  of  iron  in  the  blood  is  but  small ; 
varying  in  different  individuals,  and  different  states  of 
the  same  individual;  those  who  are  of  what  is  called 
the  sanguine  temperament  have  more  than  those  of 
the  lymphatic  temperament ;  those  who  are  well-fed 
have  more  than  those  who  are  ill-fed  It  is  in  almost 
all  our  animal  and  vegetable  food,  so  that  we  do  not 
habitually  need  tn  seeli  it ;  but  tlie  physician  often  has 


to  prescribe  it,  either  in  tlie  form  of  '■  Btccl-ivine,"  or  ii 
that  of  chalybeate  waters.* 

n.  Phosphorus  and  Sulphur  are  also  indispensable, 
but  they  .ire  received  with  our  food. 

12.  Acids  are  received  with  vegetable  food ; 
they  are  also  taken  separately,  especiidly 'the  ascetic  | 
acid,  or  vinegar,  which,  according  to  Prout,  has  e 
by  accident  or  design  been  employed  by  mankind  in  1 
all  ages — that  is  to  say,  substances  naturally  containing  I 
it  have  been  employed  as  aliments,  or  it  has  bdfeu  I 
formed  artificially. 

It  is  owing  to  their  acids  that  fruits  and  vegetables  1 
are  necessary  to  man,  although  not  necessary  to  t 
camivora^  Dr  Budd  justly  points  to  the  prolonged. 
abstinence  from  sncculent  vegetables  and  fruits  at 
cause  of  the  scurvy  among  sailors,  Lcniou-juice  ia 
now  always  given  to  sailors  with  their  food ;  it  pro- 
tects them  from  scurvy,  which  no  amount  of  vinegar  is 
sufficient  to  effect. 

We  make  cooling  di-uit.s  with  vegetable  acids  ;  and  1 
our  salads  and  greens   demand  vinegar,  as  our  cold  i 
meat  demands  pickles.     Taken  in  moderation,  there  is  | 
no  doubt  that  vinegar  is  beneficial,  but  in  exci 
impairs  the  digestive  organs  ;  and,  as  we  remarked  a  ' 
little  while  ago,  experiments  on  artificial   digestion 
show  that  if  the  quantity  of  acid  be  diminished,  diges- 
tion ia  retarded ;  if  increased  beyond  a  certain  point, 
digestion  is  arrested. 

*  "  It  ia  quits  certain  thnt  if  iron  hi-  oscluiWl  trnm  RjlmI,  oreaniu 
lifo  cannot  basiipporlod."  — LiETiin. 


There  is  reason,  therefore,  in  the  vnlgar  notion, 
nnhappily  too  fondly  relied  on,  that  vinegar  helps  U> 
keep  down  an  alarming  adiposiiy.  and  ihat  Uditai  who 
dread  the  disappearance  of  tbeir  grace&l  outline  in 
curves  of  plumpness  expanding  into  "  fat,"  ma;  arrest 
so  dreadful  a  result  by  liberal  potations  of  vinegar ; 
but  they  can  only  ^  arrest  it  at  the  Car  more  dread- 
ful expense  of  their  health  The  am'nim  of  acid  which 
will  keep  them  thin,  will  deotroy  th^  digestive  powers 

Portal  gives  a  case  nlucb  should  be  a  watnii^ :  "  A 
few  years  ago  a  young  lady  iu  easy  circnxnfttancea 
eojoyed  good  health  ;  she  was  very  plump,  had  a  good 
appetite,  and  a  complexioa  bloomiiig  with  roses  and 
lilies.  She  begau  to  look  upon  her  plunipiie^  with 
Buspiciou  ;  for  her  mother  wa^  very  fat,  and  bbe  was 
a&ald  of  becoming  like  h(;r  Au^oidiugly,  she  con- 
sulted a  wuinan,  who  advised  Ler  tu  dhtik  a  glaw  of 
vinegar  daily ;  the  young  lady  followed  her  advice,  and 
her  plumpness  dimJuishud.  She  wa*  deliglitul  with  the 
success  of  the  experimeDt,  and  continued  it  for  inure 
than  a  mouth,  tihe  began  lu  have  a  uiugh  ;  but  it  WiW 
dry  at  its  commencement,  aud  was  cotiflidered  aa  a 
alight  cold,  which  would  go  uS'.  iVleantiiue,  from  dry 
it  became  moist ;  a  slow  fever  CdUie  on,  and  a  difhculty 
of  breathing ;  her  body  became  Wan,  and  wa»Uid  away ; 
night-sweats,  swelling  of  the  feet  and  of  the  legfc  hUt- 
ceeded,  and  a  diarrhiea  tetminaied  her  life." 

Therefore,  young  ladies,  be  boliUy  fat !  never  pim; 
for  graceful  alimness  and  romantic palor ;  but  if  Nature 


to  prescribe  it,  either  in  the  form  of''  steol-wine,"  or  i 
that  of  chalybeate  waters.* 

1 1.  Phosphorus  and  Sulphur  are  also  miUspensablflJ 
but  they  aru  received  with  out  food. 

12.  Acids  are  received  with  vegetable  food ; 
they  are  also  taken  separately,  especially  the  asce 
acid,  or  vinegar,  which,  according  to  Prout,  has  e 
by  accident  or  design  heen  employed  by  mankind  i 
all  ages — that  is  to  say,  subatances  naturally  containinj 
it   have   been  employed  as  aliments,  or  it   ] 
formed  artificially. 

It  is  owing  to  their  -acids  that  fmits  and  \ 
are  necessary  to  man,  although  not  necessary  to  t 
camivora.  Dr  Budd  justly  points  to  the  prolong( 
abstinence  from  succulent  vegetables  and  fruits  as  1 
cause  of  the  scurvy  among  sallora.  Lemon-jiuce  i 
now  always  given  to  sailors  with  their  food ;  it  pro 
tects  them  from  scurvy,  which  no  amount  of  vinegai 
snfficient  to  effect. 

We  make  cooling  di-inks  witli  vegetable  acids ;  and 
our  salads  and  greens  demand  vinegar,  as  onr  cola 
meat  demands  pickles.  Taken  in  nioderatiou,  there  ia 
no  doubt  that  vinegar  is  beneficial,  but  in  excess  i|| 
impairs  the  digestive  organs  ;  and,  as  we  remarked  ^ 
little  while  ago,  experiments  on  artificial  digestif 
show  that  if  the  quantity  of  acid  be  diminished,  i 
tion  is  retarded  ;  if  increased  beyond  a  certain  poiutj 
digestion  is  arrested. 

•  "  It  U  qiiito  certain  Ihst  if  iron  he  eicliiil&i  fmm  I 


EKITEGT   OK   VINEOAB.  Ufl 

There  is   rwiMon,  therefore,   in  the  vulgw  uutioii, 

unhappily  too  fondly  relied  on,  that  viuegai-  helps  to 

keep  down  an  aliinuitig  adiposity,  and  thitt  ludiuu  wliu 

dread  the  disappearance  of  tht'ir  graceful  outline  in 

curves  of  plumpness  expanding  into  "  fat,"  may  arreat 

30  dreadful  a  result  by  libetEl  potations  of  vinegar ; 

but  they  can  only  so  arrest  it  at  the  far  more  di-ead- 

fid  expense  of  their  health.    Theainonnt  of  acid  which 

will  keep  them  l,hiu,wdl  destroy  their  digestive  powers. 

Portal  gives  a  case  which  should  be  a  warning ;  ■'  A 

few  years  ago  a  young  lady  in  easy  circumaCanees 

eujoyed  good  health  ;  she  waa.very  pimiip,  had  a  good 

L  appetite,  and  a  complexion  blooming  with  roses  and 

(lilies.     She  began  to  look  upon  her  plumpnesii  with 

iBuspicion  i  for  her  mother  was  very  fat,  and  she  was 

Bafraid  of  becoming  like  her.     Accordingly,  she  con- 

1  suited  a  woman,  who  advistd  her  to  drink  a  glass  of 

vinegar  daily ;  the  yomig  hidy  followed  her  advice,  and 

I  berplumpness  diminiahtd.   She  was  delighted  with  the 

'  the  experiment,  and  continued  it  tor  more 

ItiiaD  a  month,    tihe  began  u>  have  a  tijugh  ;  but  it  was 

■  dry  at  its  commeticemeut,  and  was  coasidered  as  a 

[ht  cold,  which  would  go  off     Meantime,  from  dry 

t  became  moi^ti ;  a  slow  fever  c^me  uu,  and  a  difficulty 

f  breathing ;  her  body  became  lean,  aud  wasted  away  ; 

^t-sweats.  swelling  of  the  fctr  and  of  the  leg»  ww- 

xi,  and  a  dianhosa  lerminated  her  life." 
Thttefore,  young  ladies,  be  boldly  (at !  aeva  piiu! 
r  graceful  sliumess  and  tx>oiaiitic  palor ;  but  if  Kstore 


.Al 


(o  prescribe  it,  either  in  the  form  of  "  Btctl-wine,"  or  in  ] 
that  of  chalybeate  waters.* 

11.  Phosphorus  and  Sulphur  are  also  indispenaablej 
bat  they  are  receiyed  with  our  food- 

12.  Adda  are  received  with  vegetable  food ;  bnC;l 
they  are  also  taken  separately,  especially 'the  ascetic  J 
acid,  or  vinegar,  which,  according  to  Prout,  has  eithat 
by  accident  or  design  been  employed  by  mankind  i 

all  ages — that  is  to  say,  substances  naturally  containii^ 
it   have   been  employed  as  aliments,  or  it 
formed  artificially. 

It  is  owing  to  their  acids  that  fruits  and  vegetabla 
are  necessary  to  man,  although  not  necessary  to  t 
carmvora.  Dr  Budd  justly  points  to  the  prolongi 
abstinence  from  succulent  vegetables  and  fruits  i 
cause  of  the  scurvy  among  sailors.  Lemon-juice  i 
now  always  given  to  sadors  with  their  food ;  it  \ 
tects  them  from  scurvy^  which  no  amount  of  vinegarj 
sufficient  to  effect. 

We  make  coohng  di'udca  with  vegetable  acids  ; 

our  salads  and  greens   demand  vinegar,  as  our  com 

meat  demands  pickles.     Taken  in  moderation,  there  j 

no  doubt  that  vinegar  is  beneficial,  but  in  excess  i 

impairs  the  digestive  organs  ;  and,  as  wo  remarked  j 

little  while  ago,  experiments   on  artificial   digeati<a 

I   show  that  if  the  quantity  of  acid  be  diminisbei 

h^ition  ia  retarded ;  if  increased  beyond  a  certain  poinfl 

■d^stioa  is  arrested. 

■  ■'  It  Ifl  qiiiW  oertain  thnt  if  iron  bo  oipludcl  frnm  I 
life  cannot  bosupporlod."  — Liebir, 


taFECT   Of   VIX£GAIC 

i  is  reason,  therefore,   in  the  vulgar  notion, 

lappily  too  fondly  relied  ou.  that  vinegar  helps  to 

tkeep  down  an  alarming  adiposity,  and  th^t  Ltdit^  who 

1  dread  the  di^ppearauce  of  their  graced  outline  in 

L  carves  of  plumpness  espandiog  iuUt  "  fat,"  may  arrest 

f  90  dreadful  a  result  by  liberal  potatious  of  vinegar ; 

t  but  ttuy^  can  only  so  arrest  it  at  the  far  more  dread- 

ilexpense  of  their  health     Theamountof  acldwhicb 

11  keep  them  thui,  will  destroy  their  digestive  powers. 

1  given  a  case  which  should  be  a  warning :  "  A 

'  years  ago  a  youiig  lady  in-  easy  circumstances 

i  good  health  ;  she  was  .very  plump,  had  a  good 

(tite,  and  a  complejdon  blooming  with  roses  and 

She  bi^an  to  look  upon  her  plumpness  with 

ion  ;  for  her  mother  was  very  fal,  and  ehe  was 

I  of  becoming  like  her.     Accordingly,  she  con- 

.t  womin,  who  advised  hur  to  drink  a  glass  of 

r  daily  ;  the  young  lady  followed  her  advice,  and 

irplumpucss  diuiimsLcd.   She  was  delighted  with  the 

i  of  the  experiment,  and  continued  it  for  more 

lan  a  month.     She  began  to  have  a  tough ;  but  it  was 

•  commcQCemeni,  aiid  was  cousideied  as  a 

;ht  cold,  which  would  go  uB!     Meantime,  from  dry 

e  moist ;  a  slow  fevee  cjuie  on,  and  a  difficulty 

gf  breathing;  her  body  became  lean,  and  wasted  away ; 

ight-sweats,  swelling  of  the  feet  and  of  the  legs  suc- 

sded,  and  a  diari'hoea  terminated  her  life," 

I  Therefore,  joung  ladies,  be  boldly  fat !  never  pine 

r  graceful  slimness  and  romantic  palor ;  but  if  Nature 


to  prescribe  it,  either  in  the  form  of"  ateel-wine,"  or 
that  of  chalybeate  waters.* 

1 1.  Phosphorus  and  Sulphur  are  also  indispensabl 
but  they  are  received  mth  our  food, 

12.  Acids  are  received  with  vegetable  food  ;  bi 
they  are  also  taken  separately,  especially  the  ascet 
acid,  or  vinegar,  which,  according  to  Prout,  has  eithi 
by  accident  or  design  been  employed  by  mankind  : 
all  ages — that  is  to  aay,  substances  naturally  containir 
it  have  been  employed  as  aliments,  or  it  has  bdt 
formed  artificially. 

It  is  owing  to  their  acids  that  fiuits  and  vegetabl 
are  necessary  to  man,  although  not  necessary  to  t^ 
camivora,  Dr  Eudd  justly  points  to  tbe  prolong* 
abstinence  fixim  succulent  vegetables  and  fruits  as  tl 
cause  of  the  scurvy  among  sailors.  Lemon-juice 
now  rfways  given  to  Bailors  with  their  food ;  it 
tects  them  from  scurvy,  which  no  amomit  of  vinegar 
sufficient  to  effect. 

We  make  cooling  drinks  with  vegetable  acids ;  ai 
our  salads  and  greens  demand  vinegar,  as  our  co 
meat  demands  pickles.  Taken  in  moderation,  there 
no  donl.it  that  vinegar  is  beneficial,  but  in  excess 
impairs  the  digestive  organs  ;  and,  as  we  remarked 
Httle  while  ago,  experiments  on  artificial  digesti 
show  that  if  the  quantity  of  acid  be  diminished,  digi 
tion  is  retarded  ;  if  increased  beyond  a  certain  poii 
digestion  is  arrested. 

•  "It  i«  quito  oeiiaJTi  that  if  iron  bo  oicluHDrt  fmm  fo.xl,  orga. 
life  cannot  beauppoilsd."— Likbig. 


EFFECT   OF   VINEOAK.  ll!> 

There  is  reason,  therefore,  in  tlie  vulvar  notion, 
unhappily  too  fondly  relied  on,  that  vinegar  h<;ljm  to 
keep  down  an  alarming  adiposity,  and  that  liuluM  who 
dread  the  disappearance  of  their  graceful  outline  in 
curves  of  plumpness  expanding  into  *'  fat/'  ixiay  arrest 
so  dreadful  a  result  by  liberal  potations  of  vinegar ; 
but  they  can  only  so  arre:>t  it  at  the  fcir  more  dmtul 
fdl  expense  of  their  health  Th^;  am^iunt  of  suM  which 
will  keep  them  thin,  wiil  de-^troy  their  fL;je>»tj ve  ft^fWJu. 

Portal  giveo  a  ca^  wiiith  should  be  a  w'0U7iiiiH  ;  "  A 
few  years  ago  a  young  hjly  in  ea-.y  c\rf:uifi:^^Jufif'/'-i 
eojojed  good  health  ;  ate  wa.^  ,ven'  piMiuf/,  liiul  a  gv/J 
appetite,  and  a  coiapkxion  blooo^Lfig  with  ro'/;>.  ar«/i 
lilksw  SL»:  b^^-aii  trj  L»k  u>>i  Lf:r  pi.ii:.p;;^;«.;  wir.^ 
IjU  ;  f'jr  Lrr  L-o:l-jr  "ais  v-r^t  fii*.,  iryl  ax-;  «** 
of  bjiOLi'.:.^'  Lii:^  L-rr.     Jk.^y^: aI:.'/.'*    '<'-^  '-'>'- 

■  ^ 

'*js.  ■  •  .    fc— t:    »  .  * -i,A  •  « -—  y  *>  -5  •  ^-r.    -ft.-  •  ^o/?   <i».^  ^ 

»       -  •  .  . 


rt-^i--^-r:     :/^C 
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U8  rOClD  AKD   DllISK. 

lo  prescribe  it,  either  in  the  form  of  "  stccI-win 
that  of  chalybeate  waters.* 

11.  Phosphorus  and  Sulphur  are  also  indispensable, 
but  they  nre  received  with  our  food. 

12,  Acid^  are  received  with  vegetable  food;  but 
they  are  also  taken  soparately,  especially  -the  ascetio- 
aeid,  or  vinegar,  which,  according  to  Front,  has  either 
by  accident  or  design  been  employed  by  mankind  i 
all  ages— that  is  to  say,  substances  naturally  containing 
it  have  been  employed  as  aliments,  or  it  has  been 
formed  artificially. 

It  is  owing  to  their  acids  that  fruits  and  vegetable^ 
are  necessary  to  man,  although  not  necessary  to  tha 
camivora.  Dr  Budd  justly  points  to  the  prolonge)^ 
abstinence  from  succulent  vegetables  and  fruits  e 
cause  of  the  scurvy  among  sailors.  Lemon-juice  i 
now  always  given  to  sailors  with  their  food ; 
tects  them  from  scurvy,  which  no  amount  of  vinegar  i 
snflncient  to  effect. 

We  make  cooling  drinks  with  vegetable  acids  ;  an* 
onr  salads  and  greens  demand  vinegar,  as  our  coli 
meat  demands  pickles.  Taken  in  moderation,  there 
no  doubt  that  vinegar  is  Iieneficial,  but  in  excess  : 
impairs  the  digestive  organs  ;  and,  as  we  remarked 
little  while  ago,  experiments  on  artificial  digestic 
show  that  if  the  quantity  of  a«id  be  diminished,  dig 
tion  is  retarded  ;  if  increased  beyond  a  certain  poil 
digestion  is  arrested. 


1 


EFFECT    Of   V1NECA.11,  149 

I  There  is  reason,  therefore,   m   ibe  viUgar  notion, 

ihappily  too  fondly  relied  on,  that  vinegar  helps  to 

WP  down  an  alarming  adipoaiiy,  uud  ihut  ladies  who 

.  the  disappearance  of  their  graceful  outline  in 

rves  of  plumpness  expanding  into  "  fat,"  may  aiTest 

■  dreadful  a  result  by  liberal  potations  of  vinegar; 

I  they  can  only  so  arrest  it  at  the  far  more  dread- 

Bexpense  uf  their  health.     The  amount  of  acid  which 

f  keep  them  thin,  will  destroy  their  digestive  powers. 

^)rtal  gives  a  case  whidi  should  be  a  warning :  "  A 

[■  years  ago  a  young  lady  in-  easy  circumstances 

(yed  good  health ;  she  was  .very  plump,  had  a  good 

Btit«,  and  a  complexion  blooaiiug  with  roses  and 

She  began  to  look  upon  her  plumpness  with 

ion  ;  for  her  mother  was  v«ry  fat,  and  she  was 

L  of  becoming  like  her.     Aucordingly,  she  con- 

i  W0LQ3U,  who  advised  her  to  drink  a  glass  of 

negar  daily ;  the  young  lady  followed  her  advice,  and 

Brplujupucas  diminished.    She  was  delighted  with  the 

1  of  the  experiment,  and  eoulmutd  it  for  more 

a  a  month.     Hhe  began  tu  have  a  cuugh ;  but  it  was 

J  at   its  commehcenienl,  and  was  considered  as  a 

bht  cold,  which  would  go  ofl!    Meantime,  from  dry 

Jliecanie  moist ;  a  slow  fever  caiiie  on,  and  a  diiiiculty 

iathiiig ;  her  body  becamt,-  lean,  aud  wasted  away ; 

t-aweats,  swelling  of  tLe  feet  and  of  the  legs  suu- 

1  and  a  diarrhcea  terminated  her  life." 
(herefore,  young  ladies,  be  boldly  fat !  never  pme 
tracefui  sliuiness  and  lonjaulicpalor;  but  if  Nature 
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FOOD   AND    DKIKK. 

to  prescribe  it,  either  in  the  form  of  "  ateel-wine,"  o 
that  of  chalybeate  waters  * 

]  1.  Phosphorus  and  Sulphur  are  also  inJispenaable, 
but  they  nru  received  with  our  food. 

12.  Acids  are  received  with  vegetable  food  ; 
they  are  also  taken  separately,  especially '  the  ascetiOi 
acid,  or  vinegar,  which,  according  to  Prout,  has  eitheEi 
by  accident  or  design  been  employed  by  mankind  i 
all  ages — that  is  to  say,  substances  naturally  containing 
it  have  been  employed  as  aliments,  or  it  has  been. 
formed  artificially. 

It  is  owing  to  their  acids  that  fruits  and  vegetables 
are  necessary  to  man,  although  not  necessary  to  t 
carnivore,.      Dr  Budd  justly  points  to  the  prolong 
abstinence  from  succulent  vegetables  and  fruits  as  tin 
cause  of  the  scurvy  among  sailors.     Lcmon-juice  i; 
now  always  given  to  sailors  with  their  food ; 
tects  them  from  scurvy,  which  no  amount  of  vinegar  i 
snERcient  to  effect. 

We  make  cooling  drinks  with  vegetable  acids ; 
our  salads  and  greens  demand  vinegar,  as  our  col 
meat  demands  pickles.  Taken  in  moderation,  there  '. 
no  doubt  that  vinegar  is  beneficial,  but  in  excess 
impairs  the  digestive  organs  ;  and,  as  we  i-emarked 
little  while  ago,  experiments  on  artificial  iligestic 
show  that  if  the  quantity  of  acid  be  diminished,  dig< 
tion  is  retarded ;  if  increased  beyond  a  ccrtJiin  poii 
digestion  is  arrested. 


irfuilpi!  fmm  fiio.), 


UFocfLnnot  be  support od."  — 
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EFFECT    Of   VWEQAIL 


ua 


There  ia   reaaon,  therefore,   in    the  vulgar  uotion, 
unhappily  too  fondly  relied  on,  that  vinegar  helps  to 
keep  down  an  akmiing  adiposity,  and  tliat  ladie:^  who 
di'ead  the  disappearance  of  their  graceful  outline  in 
curves  of  plumpness  expanding  into  "  tit,"  may  arrest 
so  dreadful  a  result  by  liberal  potations  of  vinegar ; 
but  they  can  only  oo  arrest  it  at  the  far  more  dread- 
ful expense  of  their  health     The  amount  of  acid  which 
will  keep  them  thiu.wdi  destroy  their  digestive  powers. 
Portal  gives  a  case  which  should  be  a  warning :  ''A 
few  years  ago  a  young  lady  in-  easy  circumstances 
I  enjoyed  good  health  ;  she  was  .very  plump,  had  a  good 
I'^petite,  and  a  complexion  blooming  with  roses  and 
began  to  look  upon  her  plumpness  with 
uapiciun  ;  for  her  mother  was  very  fat,  and  she  was 
aid  of  becoming  like  her.     Ai;cordiiig]y,  she  con- 
blted  .1  woman,  who  advised  her  to  drink  a  glass  of 
legar  daily ;  the  young  lady  followed  her  advice,  and 
irplumpueas  diminished    She  was  delighted  with  the 
ess  of  the  experiment,  and  cijutijiui;il  it  for  more 
a  a  month,     tihe  began  to  have  a  cough  *  bat  it  was 
J  at  its  commencement,  and  was  considered  as  a 
jht  cold,  which  would  go  oH:    Meantime,  from  dry 
Jbecanie  moist ;  a  slow  fever  amie  on,  and  a  difficulty 
jathiiLg  ;  her  bodyhecame  luau,  and  wasted  away  ; 
|kt-3Weats,  swelling  of  the  feet  and  of  the  legs  suc- 
L  and  a  diarrh<ea  terminated  her  life." 
refore,  young  ladies,  be  boldly  fat !  never  pine 
iceful  slimness  and  romantic  palor ;  but  if  Nature 
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FOOD  AND  DKIKK. 


}  either  I 


be{!afl 


to  prescribe  it,  eitherin  the  form  of"  steol-wine,"  or  iu  | 
that  of  chalybeate  waters.* 

n.  Phosphorus  tmA  iSiilphur  ure  also  indispensable, 
bat  they  arc  received  with  our  food. 

12.  Acids  are  received  with  vegetable  food ;  bu6( 
they  are  also  taken  separately,  especially  ■  the  at 
acid,  or  vinegar,  which,  accoi'ding  to  Prout,  has  t 
by  accident  or  design  been  employed  by  mankind  in  I 
all  ages — that  is  to  aay,  substances  naturally  containing  I 
it  have  been  employed  as  aliments,  or  it  has 
formed  artificially. 

It  is  owing  to  their  acids  that  fruits  aiid  vegetableBJ 
are  necessary  to  man,  although  not  necessary  to  tlw 
camivora.  Dr  Budd  justly  points  to  the  prolonged 
abstinence  from  succulent  vegetables  and  fruits  as  tfaf 
cause  of  the  scurvy  among  sailors.  Ijemon-juice  i 
now  always  given  to  sailors  with  their  foot! ;  it  pro 
tects  tliem  from  scurvy,  which  no  amount  of  vinegar  d 
sufficient  to  efTect 

We  make  cooling  drinks  with  vegetable  aciils ;  aiJ 
our  salads  and  greens  demand  vinegar,  as  our  c 
meat  demands  pickles.  Taken  in  moderation,  ( 
no  doubt  that  vinegar  is  beneficial,  but  in  e 
impairs  the  digestive  organs  ;  and,  as  we  remarkeia 
little  while  ago,  experiments  on  artificial  digesla 
show  that  if  the  quantity  of  acid  be  diminished,  d 
tion  is  retarded;  if  iuereused  beyond  a  certain  poa 
digestion  ii 


I,  there  I 


lifo  cannot  bo  aiipporlvd."  —  LtHBIR. 


EfCECr   OF    VlNECiAR. 


^B^ere  is  reason,  therefore,   in   tlic  vulgar  uotioa, 
^^bappily  too  fondly  relied  on,  that  vinegar  helps  to 
^B^  down  an  alarming  adiposity,  and  that  ladie^i  who 
'  dread  the  disappearance  of  their  graceful  outline  in 
curves  of  plumpness  expanding  uito  "fat,"  may  arrest 
so  dreadful  a  result  by  liberal  potations  of  vinegar ; 
but  they  can  only  so  arrest  it  at  the  far  more  dread- 
ful expense  of  their  health.     The  amount  of  acid  which 
will  keep  them  thin,  wdl  destroy  their  digestive  powers. 
Portal  gives  a  case  which  should  be  a  warning  :  "  A 
few  yeai'S  ago  a  young  lady  in-  eaay  circumstances 
enjoyed  good  health  ;  she  waa.very  plump,  had  a  good 
I  f^petite,  and  a  complexion  btoomiug  with  roses  and 
She  began  to  look  upon  lier  plumpness  with 
picion  ;  for  her  mother  was  very  fat,  and  she  was 
aid  of  becoming  like  her.     Accordingly,  she  con- 
^ted  a  woman,  who  advised  her  to  drink  a  glass  of 
legar  daily :  the  young  lady  followed  her  advice,  and 
erpluinpucss  diminished.   She  was  delighted  with  the 
I  of  the  experiment,  auJ  continued  it  for  more 
IB  a  nioulh.     She  began  to  have  a  cough ;  but  it  was 
y  at  its  eommeucemeui,  and  was  considered  as  a 
t  cold,  which  would  ^o  ofl!    Meantime,  from  dry 
ecame  moist  ;  a  slow  fevec  cjuie  on,  and  a  difhculty 
iathiiio-;  her  body  became  Icaa,  and  wasted  away  ; 
i,  swelhng  of  the  feet  and  of  the  legs  suc- 
l  and  a  diarrhcea  terminated  her  life." 
erefore,  young  ladies,  be  boldly  fat !  never  pine 
iceful  sUmness  and  romantic  palor ;  but  if  Nature 


io  prescribe  it,  either  in  the  form  of  "  stetl-wine,"  or  ii 
that  of  chalybeate  waters.* 

n.  Phosphorus  and  Sulphur  are  also  indispensable,  J 
but  they  are  received  with  our  food 

12.  Acids  are  receivM  with  vegetable  food;  buf^ 
they  are  also  taken  separately,  especiailythe  ascetic 
acid,  or  vinegar,  which,  according  to  Front,  has  either  i 
by  accident  or  design  been  employed  by  mankind  inl 
all  ages — that  is  to  say,  substances  tiaturiilly  containing^ 
it  have  been  employed  as  aJiments,  or  it  has  h6cw 
formed  artificially. 

It  is  owing  to  their  acids  that  fruits  and  vegetablei 
are  necessaiy  to  man,  although  not  necessary  to  thel 
camivora.     Dr  Budd  justly  points  to  the  prolonged^ 
abstinence  from  succulent  vegetables  and  fruits  as  the  ' 
cause  of  the  scurvy  among  sailors.     Lemon-juice  is 
now  always  given  to  sailors  with  their  food ;  it  pro- 
tects them  from  scurvy,  which  no  amount  of  vinegar  ia 
sufficient  to  effect. 

We  make  cooling  diiiiks  with  vegetable  aciLla  ;  and   ' 
our  salads  and  greens    demand  vinegar,  as  our  cold 
meat  demands  pickles.     Taken  in  moderation,  there  is 
no  doubt  that  vinegar  is  beneficial,  but  in  excess  it  i 
impairs  the  digestive  organs  ;  and,  as  we  remarked  a  j 
little  while  ago,  experiments   on  artificial   digestioir 
show  that  if  the  quantity  of  acid  be  diminished,  diges 
tion  is  retarded  ;  if  increased  beyond  a  certain  point,! 
digestion  is  arrested. 


U  qniU  vcrtt^  that  if  iroi 
it  bo  support  od.''  —  LlEBin. 


n   Tuoil,  nrGiinia.1 


There  is   reason,  thereforCj   in  ibe  vulgar  notion, 

unliappily  too  fondly  relied  on,  that  vint^ar  helps  to 

keep  down  an  alanuing  adipoaity,  and  that  ladies  who 

dread  the  diaappearance  of  their  graceful  outline  in 

curves  of  plumpness  expanding  into  '"fat,"  may  arrest 

I   so  dreadful  a  result  by  liberal  potations  of  vinegar ; 

but  they  can  only  oo  arrest  it  at  the  far  more  dread- 

[  ful  expense  of  their  health     Xhe  amuuiit  of  acid  which 

[  will  keep  them  thm,  will  destroy  their  digestive  powers. 

Portal  gives  a  case  which  should  be  a  warning :  ■'  A 

few  years  ago  a  young  lady  in-  easy  circumstances 

enjoyed  good  health ;  she  waa.very  plump,  had  a  good 

t  appetite,  and  a  complexion  blooming  with  roses  and 

[  lilies.     She  began  to  look  upon  her  plumpness  with 

f  suspicion  ;  for  her  mother  was  veiy  fal,  and  she  was 

a&aid  of  becoming  like  her.     Accordingly,  she  cod- 

fiulted  a  woman,  who  adviafcd  her  to  drink  a  glass  of 

legar  daily ;  the  young  lady  followed  her  advice,  and 

'  herpluiupneas  diminished   She  was  delighted  with  the 

success  of  the  experiment,  and  continued  it  for  more 

than  a  month.     Hbe  began  to  have  a  cough ;  but  it  was 

dry  at  its  commencemeui,  and  was  considered  as  a 

slight  cold,  wiiich  would  go  off.     Meaotuiie,  from  dry 

I  it  became  moist ;  a  slow  fever  came  ou,  and  a  difficulty 

I  of  breathing ;  her  body  became  lean,  and  wasted  away  ; 

,  night-sweats,  swelling  of  the  feet  and  of  the  legs  suc- 

I  ceeded,  and  a  dianhcea  terminated  her  life." 

Therefore,  young  ladies,  be  boldly  fat !  never  pine 
I  for  graceful  slimness  and  romantic  palor ;  but  if  Nature 
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lo  prescribe  it,  either  in  the  form  of  "  steel-wine," 
that  of  chalybeate  waters.* 

11.  Phosphorus  and  Sulphur  arc  also  indispensablj 
but  they  are  received  with  our  food 

12.  Acids  are  received  with  vegetable  food  ; 
they  arc  also  taken  separately,  especially  'the  asce 
acid,  or  vinegar,  which,  according  to  Prout,  has  eitJj 
by  a<;ci<lent  or  design  been  employed  by  mankind   i 
all  ages — that  is  to  say,  substances  naturally  contai    , 
it   have   been  employed  as  aliments,  or  it   has   tk^ 
formed  artificially.  ^ 

It  is  owing  to  their  Acida  that  fruits  aud  vegetaq.^^. 
are  necessary  to  man,  although  not  necessary  tcm  j,  . 
camivora.  Dr  Budd  justly  points  to  the  prolo3^,^  . 
abstinence  from  succulent  vegetables  and  fruits  aJit,  ,  f 
cause  of  the  scurvy  among  sailors.  Lenion-ji»5  faeeo 
now  always  given  to  sailors  with  their  food ;  »**oinai 
tects  them  irom  scurvy,  which  no  amount  of  vin^^^^  „  .  . 
sufficient  to  effect.  «te^s  ,; 

We  make  cooling  drinks  with  vegetable  aciti®   the 
our  salads  and  greens   demand  vinegar,  na  o'^^Il     v> 
meat  demands  pickles.     Taken  in  moderation,  *  cooiin 
no  doubt  that  vinegar  is  beneficial,  but  in  e3  ij-^j^j 
impairs  the  digestive  organs  ;  and,  as  we  reit*soi3t  ■ 
little  while  ago,  experiments   on   artificial   (^  -     j^er  b, 
show  that  if  the  quantity  of  acid  be  dimiuishe*^_   -gweUiu 
tion  is  retarded ;  if  increased  beyond  a  ecrtaig^     <lianln 
digestion  is  arrested.  ^       ^oung 

•  '■  It  i.  -luit.  .crtai.  .h.t  if  iro.  b.  c.o).,te,l  f..,„  fo  sXi^^^esS 
life  cannot  bo  auppDrtod."  — LtEtiin. 
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to  prescribe  it,  either  in  the  form  of  "  steel-wine,"  o 
that  of  chalybeate  waters,* 

1 1 ,  Phosphorus  and  Sulphur  are  also  inclispenaabl^ 
but  they  are  received  with  our  food. 

12.  Acids  are  received  with  vegetable  food  ;  bu&']| 
they  are  also  taken  separately,  especially 'the  ascetic  ' 
acid,  or  vinegar,  which,  according  to  Prout,  has  either  j 
by  accident  or  design  been  employed  by  mankind  i 

all  agea — that  is  to  say,  substances  naturally  containing 
it   have   been  employed  as  aliments,  or  it   has 
formed  artificially. 

It  is  owing  to  their  acids  that  fi-uits  and  vegetableJ 
are  necesaaiy  to  man,  although  not  necessary  to  theT 
camivora.  Dr  Budd  jnatly  points  to  the  prolongedj 
abstinence  from  succulent  vegetables  and  fruits  as  the^ 
cause  of  the  scurvy  among  sailors.  Lemon-juice  is 
now  always  given  to  saUors  with  their  food ;  it  pro- 
tects them  from  scurvy,  which  no  amount  of  vinegar  is  J 
sufBcient  to  effect. 

We  make  cooling  drinks  with  vegetable  acids ;  and  I 
our  salads  and  greens  demand  vinegar,  as  our  cold  I 
meat  demands  pickles.  Taken  in  moderation,  there  is'  | 
no  doubt  that  vinegar  is  beneficial,  but  in  e: 
impairs  the  digestive  organs  ;  and,  as  we  remarked  a  ' 
little  while  ago,  experiments  on  artificial  digestion  ■ 
show  that  if  the  quantity  of  acid  be  diminished,  diges- 
tion is  retarded ;  if  inci-eased  beyond  a  ccitain  point^; 
digestion  is  arrested. 


There  is  reason,  therefore,  in  the  vulgar  notion, 
nnhappily  too  fondly  relied  on,  that  vinegar  helps  to 
keep  down  an  alarming  adiposity,  uud  tiiat  ladiL-s  who 
dread  the  disappearance  of  their  graceful  outline  in 
curves  of  plumpness  expanding  uito  "  fat,"  may  arrest 
so  di-eadfnl  a  result  by  liberal  potations  of  vinegar ; 
but  they  can  only  so  arrest  it  at  the  for  more  di'ead- 
ful  expense  of  their  health.  The  amount  uf  acid  which 
will  keep  them  thin,  wdl  destroy  their  digestive  powers. 
Portal  gives  a  case  which  should  be  a  warniug  :  "  A 
few  yeai-s  ago  a  young  lady  in-  easy  circumstances 
enjoyed  good  health ;  she  was  .very  plump,  bad  a  good 
appetite,  and  a  complexion  "blooming  with  roses  and 

1  lilies.  She  began  to  look  upon  her  plumpness  with 
ipicioD  ;  for  her  mother  was  very  fat,  and  she  was 
a&aid  of  becoming  lilie  her.  Atcordiugly,  she  con- 
sulted ;t  woman,  who  advised  her  to  drink  a  glass  of 
vinegar  daily ;  the  youug  kdy  followed  her  advice,  and 
herplumpueas  diminished  Slie  was  delighted  with  the 
success  of  the  esperiment,  and  continued  it  for  more 
than  a  uiontL  tihe  began  to  have  a  cough  ;  but  it  was 
dry  at  its  commencement,  and  was  considered  as  a 
slight  cold,  which  would  go  o.fl!     Meantime,  from  dry 

'  it  became  moist ;  a  slow  feve  r  came  on,  and  a  diSiculty 
of  breathing;  her  body  became  lean,  and  wasted  away  ; 
night-sweats,  swelling  of  the  -feet  and  of  the  legs  sue- 

1  ceeded,  and  a  dianhcea  terminated  her  life," 

Therefore,  young  ladies,  be  boldly  fat !  never  pine 

I  fov  graceful  slimness  and  romantic  palor ;  but  if  Nature 


to  prescribe  it,  either  in  the  form  of"  steel-wine,"  or  in 
that  of  chalybeate  waters.* 

11.  PAospAoriis  and  iSw/pAur  are  also  iBilispensable,   . 
but  they  are  received  with  our  food 

12.  Acids  are  received  with  vegetable  food  ;  buH 
they  are  also  taken  separately,  especially  the  ascetiei 
add,  or  vinegar,  which,  according  to  Front,  has  eithef  J 
by  accident  or  design  been  employed  by  mankind  i 
all  ages — that  is  to  say,  snbstances  naturally  containing 
it  have  been  employed  as  aliments,  or  it  has  bftii 
formed  artificially. 

It  is  owing  to  their  acids  that  Ihiits  and  vegetables 
are  necessary  to  man,  althongh  not  necessary  to  the 
eamivora.      Dr  Bndd  justly  points  to  the  prolong! 
abstinence  from  succulent  vegetables  and  fruits  as  the' 
cause  of  the  scurvy  among  sailors.     Lemon-juice  la 
now  always  given  to  sailors  with  their  food ;  it  pro- 
tecta  them  fi'om  scurvy,  which  no  amount  of  vinegar  ia   , 
sufficient  to  effect. 

We  make  cooling  drinks  with  vegetable  acids ;  and  j 
our  salads  and  greens   demand   vinegar,  as  our  colA 
meat  demands  pickles.     Taken  in  moderation,  there  iiq 
no  doubt  that  vinegar  is  beneficial,  but  in  excess  i 
impairs  the  digestive  organs  ;  and,  as  we  remarked  a 
little  while  ago,  experiments   on   artificial   digestio: 
show  that  if  the  quantity  of  acid  be  diminished,  diges-l 
tion  is  retarded  ;  if  increased  beyond  a  cei-tain  poiut,l 
digestion  is  arrested. 


Tb«te  is  reason,  tberefiwe,   io  tlie  vul^ur  nodoo, 

'  QBliappily  too  fondlf  relied  on,  tfau  vin^ar  helps  to 

keep  down  an  alumiiig  adiposity,  and  that  Udiisi  who 

dread  the  disappeazance  of  tlieir  graceM  otUline  in 

L  curves  of  plimipness  expaDding  into  "  tat,"  may  arrest 

I  dreadful  a  result  by  liberal  potations  of  vinegar; 

hat  they  can  only  no  arrest  it  at  the  far  more  dread- 

1  expend  of  Uiur  iitralih     The  amount  uf  acid  which 

X  keep  them  thin,  will  de^stroj  theii  digestive  powers. 

Portal  ^ves  a  case  which  should  be  a  warning  :  "  A 

'  years  ago  a.  young  lady  in-  eai^y  drcumstances 

piDJoyed  good  health  ;  she  was  .very  plump,  had  a  good 

^petite,  and  a  complexion  blooming  with  roses  and 

She  begao  to  look  upon  her  plumpness  with 

ipiciun  ;  for  her  mother  nas  very  fal,  and  she  was 

raid  of  becoming  like  her.     Accordingly,  she  con- 

ulted  a  wouuin,  who  advised  her  to  diink  a  glass  of 

legar  daily ;  the  young  Udy  followed  her  advice,  and 

lerplum^ue.is  diminisht^d   She  was  delighted  with  the 

'  the  esperim£ut,  aiiJ  coulmued  it  for  uiok 

n  a  moDili.     Hbe  began  lo  have  a  cough ;  but  it  was 

r  at  its  commeoccoieui,  aad  was  considered  as  a 

t  cold,  which  would  go  ufll     Meantime,  firom  diy 

t  became  moist ;  a  slow  fever  cuite  uo,  and  a  difficulty 

Ifbieathing;  her  body  became  Itrau,  and  wasted  away ; 

^t-3weais,  swellmg  of  tLe  feet  and  of  the  legs  >ttc- 

I,  and  a  dianhcea  terminated  her  life." 

I  Xherefore,  young  ladies,  be  boldly  fat !  never  pine 

stimness  and  romantic  palor ;  but  if  Xaiure 
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means  you  to  be  ruddy  and  rotund,  accept  it  with  a 
laughing  grace,  which  will  captivate  more  hearts  than 
all  the  paleness  of  a  Circulating  Library.  At  any  rate, 
understand  this,  that  if  vinegar  will  diminish  the  fat, 
it  can  only  do  so  by  aflFecting  your  health. 

We  have  thus  touched  upon  the  chief  Alimentary 
Principles,  and  will  now  review  the  Compound  Ali- 
ments, or  those  articles  of  Food  and  Drink  which  con 
stitute  and  vary  our  diet. 


PTER  n. 

lOnliniutd.) 

FOOD   AND   DEIKK. 

SECTION  m.— AETMLES  OF  FOOD. 


PiCsala — Tbs  flaronriug  Bubstance  of  meat,  otmaamu—The  Bosk  nf 
young  FLnimalti — Tho  ags  DranlinalB  in  relation  to  the  digestibility  oi 
their  flesh— Effects  of  routing,  boiling,  and  bnldng— GermBn  and 
French  meat  —  Dlgsatibaity  of  diflurent  meata  —  Swaothread  and 

borBe-beef—QtinntitiGS  of  hOTBe-flcsh  e  otuuDied  in  various  eountrios — 
The  flesh  of  donliajs— Fish  :  digaatibl  lity  of  djffarent  kinds— Nutri- 
tire  quality  of  tab — Are  fiah-eatuts  unnsually  prolifio !— Eggs — 
Pastry:  ia  it  iojuiioual— Vegatablas— Vogetarianisro—Tea,  coffee, 
and  the  narcotics :  curiouB  pliysioioeica]  pnnuloi  of  their  action — 
The  quantity  of  food  requiaita  fur  roan— Individual  yariotios  in  Iha 
qnandty  neodad— Error  of  applying  arittmetio  to  rital  problems — 
The  gluttony  ofaome  races- Does  a  cold  climato  produoe  inordinate 
eating ! — The  rations  of  panpera  and  aoldiera. 

[  Man  ia  aaid,  with  bat  alight  exaggeration,  to  be 
I  omnivorous.  If  he  does  not  eat  of  all  things,  he  eats 
BO  multifariously,  that  our  limits  WQuld  be  insufficient 
I  to  include  even  a  superficial  account  of  all  the  sub- 
I  stances  employed  by  him  as  Food.  We  must  there- 
I  fore  be  content  to  let  attention  fall  on  the  principal 
I  groupa 


FOOD  .AND  DBUTE. 

1.  Meats. — It  ia  superfluous  to  dwell  on  the  fact 
that  the  flesh  of  most  herbivora,  both  wild  and  domes- 
tic, is  both  agreeable  and  nutritious  ;  even  the  advo- 
cates of  a  purely  vegetable  diet  do  not  dispute  the 
flavour  or  the  potency  of  flesh,  whatever  consequences 
they  may  attribute  to  the  eating  of  it.  It  contains 
some  of  the  chief  alimentary  principles  :  namely,  albu- 
men, fibrine,  fat,  gelatine,  water,  salts,  and  osmazome. 

The  last-named  ia  a  substance  of  reddish-brown 
colour,  having  the  smell  ajid  flavour  of  soup  (whence 
the  name — oir,^?],  smell,  and  ^t^/ios,  soup) ;  it  varies  in 
various  animals,  increasing  with  their  age.  It  ia  this 
osmazome,  developed  during  the  process  of  cooking, 
which  gives  their  characteristic  flavours  to  beef,  mut- 
ton, goat-flesh,  and  birds,  &c. 

The  flesh  of  young  animals  is  tenderer  than  that  of 
adults ;  and  tenderness  is  one  quality  which  favours 
digestibility.  Nevertheless  WB  shall  err  if,  fixing  our 
attention  on  this  one  quality,  we  assume  that  the  flesh 
of  young  animals  is  always  more  digestible  than  that 
of  adults ;  we  shall  find  veal  to  be  less  so  than  beef, 
and  chicken  less  so  than  beef  The  reason  given  for 
the  first  of  these  exceptions  is,  that  veal  has  less  of  the 
peculiar  aroma  developed  in  cooking  ;  the  reason  given 
for  the  second  is,  that  the  texture  of  chicken  ia  closer 
than  that  of  beef,  and,  being  closer,  is  less  readily  acted 
on  by  the  gastric  juice.  Every  one  knows  that  veal  is 
not  veiy  digestible,  and  is  always  shunned  by  &e 
dyspeptic.  On  the  other  hand,  in  spite  of  chicken 
being  less  digestible  than  beef,  it  is  more  suitable  for 
a  delicate  stomach,  and  will  be  assimilated  when  beef, 


or  other  meat,  would  not  remain  in  the  stomach, — an 
example  which  shows  us  that  even  the  rale  of  nutritive 
value,  being  determined  in  a  great  Dieasure  by  digesti- 
bility, ia  not  absolute  ;  and  which  further  shows  how 
cautious  we  should  be  in  relying  upon  general  rules  in 
cases  so  complex. 

The  age  of  animals  is  very  important  Thus  the  flesh 
of  the  kid  is  very  agreeable  ;  but  as  the  kid  approaches 
the  adult  period,  there  is  so  pronounced  an  odour  devel- 
oped from  the  hircic  acid  in  its  fat,  that  the  flesh  be- 
comes uneatable.  Whereas  the  ox  and  cow,  fattened  for 
two  years  after  reaching  full  growth,  have  acquired  the 
perfection  of  their  aroma  and  flavour.  The  diflerence 
between  lamb  and  mutton  is  very  marked,  especially  in 
their  fat,  that  of  mutton  containing  more  fatty  acid,  and 
being  to  many  stomachs  quite  intolerable. 

"  AH  the  savoury  constituents  of  flesh  are  contained 
in  the  juice,  and  may  be  entirely  removed  by  lixiviation 
(process  of  dissolving)  with  cold  water.  When  the 
watery  infusion  of  flesh  thus  obtained,  which  is  com- 
monly tinged  red  by  some  of  the  colouring  matter  of 
the  blood,  is  gradually  heated  to  boiling,  the  albuTtien 
of  flesh  separates,  when  the  temperature  has  risen  to 
133°  Pahr.,  in  nearly  colourless  cheesy  flocculi ;  the 
colouring  matter  of  the  blood  is  not  coagulated  till  the 
temperature  rises  to  158°, 

"The  proportion  of  the  albumen  of  flesh  separated 
as  a  coagulum  by  heat  is  very  various,  according  to 
the  age  of  the  animal.  The  flesh  of  old  animals  often 
yields  no  more  than  1  or  2  per  cent;  that  of  young 
animalfi  as  much  as  14  per  cent. 


FOOD  AND  DHEKE. 

France  must  have  repeatedly  marrelled  at  the  singnlar  1 
uniformity  in  the  flavour,  or  want  of  flavour,  of  the 
various  "roasts"  served  up  at  the  table-d'kSte.     The 
general  explanation  is,  that  the  German  and  French 
meat  is  greatly  inferior  in  quaHty  to  that  of  England 
and  Holland,  owing  to  inferiority  of  pasturage  ;  and, 
doubtless,  this  is  one  cause,  but  it  is  not  the  chief  ' 
cause.     The  meat  is  inferior,  but  the  cooking  is  mainly  1 
at  &ulfc.     The  meat  is  scarcely  ever  roasted,  because  | 
there  is  no  coal,  and  fiieTvood  is  expensive.    The  meat  1 
is  therefore  baked;  and  the  consequence  of  this  bat- 
ing is,  that  DO  meat  is  eatable,  or  eaten,  with  its  own  1 
gravy,  but  is  always  accompanied  by  some  sauce  more  ] 
or  less  piquant     The  Germans  generally  believe  that  I 
in  England  we  eat  our  beef  and  mutton  almost  raw ; 
they  shudder  at  our  gravy,  as  if  it  were  so  much  blood. 
I  have  ascertained  that  it  is  really  the  cooking,  and 
not  the  meat,  which  is  in  fault ;  for  at  the  tables  of 
great  people,  or  resident  English,  where  roasi  meat  is 
served,  the  flavour  is  excellent.     Moreover,  the  game, 
at  a  tahU'd'hSte,  is  almost  as  tasteless  as  the  poultry, 
partridges  having  little  of  their  well-known  flavour : 

and  hare,  that  "  well -flavoured  beast,"  eulogised  by  j 
Charles  Lamb,  is  rendered  undistinguishable  from  beef,  ] 
except  perhaps  in  tenderness  ;  while  venison  may  be  | 
mistaken  for  kid. 

In  the  inferior  eating-houses  of  London  the  meat  is  | 
also  baked,  for  the  sake  of  economy,  and  is  notori- 

'  Horace,  Sat.  a.  S,  makes  this  oomplaint  of  bud  (cookery  in  lib  da;. 
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oualy  deficient  in  that  agreeable  flavour  which  roast- 
meat  possesses.  If  it  were  baked  as  thoroughly  as  it 
is  in  Germany,  the  meat  in  such  eating-houaea  would 
be  as  tasteless. 

Dr  Beaumont  has  drawn  up  tables  of  the  compara- 
tiye  digestibility  of  varioas  substances,  to  which  suc- 
ceeding writers  have  referred,  vrithout  always  perceiv- 
ing that  Dr  Beaumont's  observations,  being  confined  to 
what  takes  place  in  the  stomach,  which  is  only  one 
part  of  the  digestive  process,  do  not  throw  any  light 
upon  what  takes  place  in  the  intestines — by  far  the 
more  important  part  of  the  process* — and  can  oniy 
have  a  limited  value,  because  they  can  only  apply  to 
those  substances  which  are  in  any  degree  infiuenced 
by  the  gastric  juice.  Bearing  this  in  mind,  and  accept- 
ing the  following  figures  as  indications  only,  they  will 
be  found  useful — 


Venison  steak,  broiled, 

ig,  sucking,  roasted, 
Lamb,  fresh,  broiled,    . 
Beef,  with  salt  only,  boiled, 
Beef,  fresh,  lean,  roasted, 
Beef-steak,  broiled. 
Pork,  recently  salted,  raw,    . 
Pork,  recently  salted,  stewed, 
Mutton,  fresh,  broiled, . 
Mutton,  fresh,  boded,   . 
Pork,  recently  salted,  broiled, 
Pork  steak,  broiled, 

•  Sefl  the  nart  chnptBr,  DicEanos 


reqiiiT 


I 


Mutton,  fresh,  roasted,      .         requires 

Beef,  fresh,  lean,  dry,  roasted, 

Beef,  with  mustard,  &c.,  boiled. 

Beef,  with  mustard,  &c.,  fried. 

Veal,  fi-esh,  broiled, 

Beef,  old,  hard,  salted,  boiled, 

Veal,  fresh,  fried. 

Pork,  fat  and  lean,  roasted,   . 
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As  may  be  expected,  the  flesh  of  different  parts  has  I 
different  qualities :  the  breast  of  birds,  with  its  pecto- 1 
ral  muscles,  which  move  the  wings,  is  tenderer  than  ■ 
the  legs ;  but  the  fleab  of  the  legs,  when  the  birds  I 
are  young,  is  more  juicy  and  savoury  than  that  of  the  I 
wings  ;  and  in  the  woodcock,  old  or  young,  the  legs  M 
are  always  preferred,  while  in  the  partridge  epieurea  I 
select  the  wings. 

The  flesh  of  game  is  richer  in  osmazome  than  that  1 
of  domestic  birds ;  and  when  the  bird  haa  been  kept  I 
tUl  it  is  "  high,"  it  has — especially  in  the  back^ 
aromatic  bitter  flavour  very  acceptable  to  epicures,  but  I 
very  nauseous  to  unsophisticated  palates. 

The  flesh  of  all  waterfowl,  especially  the  goose,  la  1 
penetrated  with  fat,  which  often  becomes  rancid  and  I 
"  fishy  : "  this  renders  the  goose  so  notorious  an  I 
offender,  that  he  has  to  be  "qualifled"  by  a  little  | 
brandy,  euphuistically  styled  "Latin  for  goose."  Dr 
Beaumont  found  no  difference  between  the  digestibil- 
ity (in  the  stomach)  of  roast  goose  and  roast  turkey,  , 
both  requiring  two  hours  and  a  half ;  but  it  should  b 
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observed  that  the  fata  are  not  digested  at  all  in  the 
stomach,  and  it  is  on  the  fats  that  the  real  digestive 
difference  between  goose  and  turkey  depends.  Turkey, 
iwasted,  requires  two  hours  and  a  half  for  digestion  ; 
fowl,  roasted,  four  hours,  and  ducks  the  same. 

Besides  the  meat  (muscle),  the  brains,  livers,  kid- 
neys, amd  sweetbread  of  various  animals  are  eaten.  On 
account  of  the  fat  and  oil  contained  in  brain  and  Hver, 
they  are  unsuitable  for  delicate  stomachs,  especially 
when  filed  Kidneys  are  veiy  tough,  and  difficult  of 
digestion.  Sweetbread  fonns  a  favourite  food  with 
convalescents,  when  plainly  dressed ;  its  conaposition 
in  100  parts  is  as  follows — 

Albumen, 14.00 

Osmazome 1.65 

Gelatine, 6.00 

Animal  fat,          ....  0.30 

Margaric  acid,*   ....  0.05 

Fibriue, 8.00 

Water, 70.00 

100.00 

An  excellent  food,  too  much  neglected,  is  Tripe,  which 
is  simply  the  stomachs  of  ruminant  animals.  As  it 
eont^ns  a  large  proportion  of  albumen  and  fibriue,  and 
requires  not  more  thaTi  one  hour  for  its  digestion  iu 
the  stomach,  we  see  the  justification  of  the  practice 

*  Horgaric  acid  is  one  of  the  fatt;  aoids,  and  u  produced  from 
marguin,  a  pear]7  ikt  toiiDd  in  otive  oil,  goose  grease  aad  bamsjifnt. 


popular  in  many  families,  of  having  Tripe  for  suppei*. 
There  is  no  nightmare  in  it. 

2.  Horse-flesh. — A  Frenchman  was  one  da,y  blandly 
remonstrating  against  the  supercilious  scorn  expressed 
by  Englishmen  for  the  beef  of  France,  which  he,  for  i 
his  part,  did  not  find  ao  inferior  to  that  of  England.  I 
"  I  have  been  two  times  in  England,"  he  remarked, 
"  but  I  nevfere  find  the  bif  so  sup^ricur  to  onrs.  I  find 
it  vary  conveenient  that  they  bring  it  you  on  leefcle 
pieces  of  stick,  for  one  penny ;  but  I  do  not  find  the 
bif  sup^rieur."  On  hearing  this,  the  Englishman,  red 
with  astonishment,  exclaimed,  "  Good  God,  sir !  you 
have  been  eating  cat's  meat." 

It  is  very  true,  he  had  been  eating  cat's  meat ;  but 
bad  he  not  at  the  same  time  been  eating  meat  as 
succulent,  savoury,  and  wholesomo  as  the  marbled  beef 
of  which  the  Briton  is  so  proud  ? 

Let  the  resonant  shoats  of  laughter  subside  a  little, 
and  while  you  are  wiping  the  tears  from  your  eyes, 
listen  to  the  very  serious  exposition  we  shall  make  of 
the  agreeable  and  nutritive  qualities  of  horse-flesh. 
We  are  not  going  to  press  into  the  service  of  our  iffgu- 
inent  the  immense  mass  of  evidence  collected  by  RL 
Isidore  Geoflroy  St  Hila.ire,*  respecting  the  tribes  and 
nations  which  habitually  diue  off  horses ;  nor  will  we 
lay  much  stress  on  the  fact,  that  in  the  Jardin  des 
Plantes  the  camivora  are  habitually  fed  on  horse-flesh, 
which  keeps  them  healthy  in  spite  of  many  unfavour- 


able  coniiitiona.  The  sceptic  might  not  unreasonably 
aak  whether  our  digestive  power  be  quite  as  good  as 
that  of  the  lion ;  and  he  would  remark  that  the  condor 
is  known  to  devour,  with  reUst,  food  which  Mr  Brown 
would  sturdily  refuse.  Unhappily  no  dietetic  rules  for 
men  can  be  deduced  from  condors  and  liona  We  must 
rely  on  the  experience  of  human  stomachs. 

Nor  is  this  experience  wanting.  Without  alluding 
to  the  rumours  which  attribute  to  the  Paris  restaura- 
teurs a  liberal  employment  of  horse-flesh  among  their 
filets  de  bceuf,  M.  St  Hilaire  collects  an  imposing  mass 
of  evidence  to  show  that  horses  have  been  eaten  in 
abundance  without  suspicion,  and  without  evil  conse- 


Huzard,  the  celebrated  veterinary  surgeon,  records, 
that  during  the  Revolution  the  population  of  Paris 
was  fed  for  six  months  on  horse-flesL  It  is  true,  that 
when  the  beef  was  known  to  be  that  of  horses,  some 
complaints  were  made ;  but  in  spite  of  the  strong 
prejudices,  and  the  terrors  such  a  discovery  raised,  no 
single  case  of  illness  was  attributable  to  this  food. 

Larrey,  the  great  army-surgeon,  declares,  that  on 
very  many  occasions  daring  the  campaigns,  he  admin- 
istered horse-flesh  to  the  soldiers  ;  and  what  is  more,  he 
administered  it  to  the  sick  in  tlie  hospitals.  Instead  of 
finding  it  injuiioua,  he  found  that  it  powerfully  contri- 
buted to  their  convalescence,  and  drove  away  a  scorbutic 
epidemic.  Other  testimony  is  cited,  and  M.  St  Hilaire 
feels  himself  abundantly  authorised  to  declare  that 
bor.se-flesh  is  as  wholesome  and  nutritious  as  ox-fl 


Is  hotse-flesh  as  palatable  as  it  ia  wholesome  ?  Little  J 
will  it  avail  to  recount  how  there  are  tribea  of  hippo-  J 
phagistfl,  or  how  soldiers  during  a  campaign, '  and 
citizens  daring  a  siege,  have  freely  eaten  of  ths  filet  da 
cheval :  under  such  extremities  an  old  shoe  has  not  | 
been  despised — nevertheless,  that  is  not  generally  con-  j 
sidered  a  toothsome  morsel 

Feeling  the  necessity  of  having  this  point  defini- 
tively settled,  the  advocates  of  Lorse-flesh  have  given 
banquets,  both  in  Germany  and  Prance,  at  which  the 
comparative  merits  of  horses,  cows,  and  oxen  were  tw 
be  appreciated.     In  1835  the  Prefect  of  Police  chose  al 
commission  of  eminent  men  to  inquire  into  the  qualityB 
of  the  flesh  taken  from  horses  which  had  died,  or  had! 
been  recently  killed,  in  Paris  and  its  environs.     Thesel 
commissioners  all  shared  the  general  prejudice ;  yet  ia   i 
their  report  they  avowed  that  "  we  cannot  but  admit 
this  meat  to  be  very  good  and  very  savoury ;  several 
members  of  the  commission  have  eaten  it,  and  conld 
not  detect  any  sensible  difference  between  it  and  beef" 
In  ISil,  horse-flesh  was  openly  adopted  at  Ochsen- 
bausen  (what  irony  in  this  name !)  and  Wiirtemberg, 
at  both  of  which  places  it  contimies  to  be  publicly 
sold,  under  the  surveillance  of  the  police ;  and  five  or 
six  horses  are  weekly  brought  to  market.     In  1842,  a 
banquet,  at  which  a  hundred  and  fifty  persons  assisted,  ■ 
inaugurated  its  public  use  at  Kouigsbaden,  near  Stutt^ 
gard.     In  1846  the  police  of  Baden  authorised  its 
public  sale ;  and  SchaflTiausen  followed  the  example. 
In  1847,  Weimar  and  Detmold  witnessed  pubhc  ban- 
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quets  of  the  hippophagists,  which  went  off  with  Mat ; 
ill  Karlsbad  and  its  environs  the  new  beef  came  into 
general  use ;  and  at  Zittaa  two  hundi'ed  horses  are 
eaten  annually.  The  innovation  gained  ground  rapidly, 
and  the  public  sale  of  horse-flesh  is  now  general  in 
Austria,  Bohemia,  Saxony,  Hanover,  Switzerland,  and 
Belgium.  In  1853,  Berlin  counted  no  less  than  five 
slaughter-houses,  where  three  hundred  and  fifty  horses 
were  sold.  In  Vienna,  during  the  same  year,  there  was 
a  riot  to  prevent  one  of  these  banquets ;  yet,  in  1S54, 
Buoh  progress  had  been  made  in  public  opinion  that 
thirty-two  thousand  pounds'  weight  were  sold  in  a 
fortnight,  and  now  at  least  ten  thousand  of  the  inhabit- 
ants are  hippophagista.  A  large  quantity  ia  also  sold 
at  the  Lake  of  Constance,  as  I  learned  in  1858  ;  and  I 
mspect  that  I  ate  thereof  on  board  the  steamer. 

These  facta  are  very  striking.  When  we  consider, 
on  the  one  hand,  how  strong  is  prejudice,  and,  on  the 
other,  how  nnreasomug  the  stomach,  we  must  admit 
that  horse-flesh  could  only  gain  acceptance  in  virtue  of 
its  positive  excellence.  Nor  will  it  suffice  to  meet  these 
facts  with  a  sarcasm  on  German  beef,  in  comparison 
with  which  horse-flesh  may  be  supposed  to  hold  no 
dishonourable  rank:  we  have  the  testimony  of  men 
accustomed  to  the  Caf4  de  Paris  and  Philippe's,  ia- 
vited  expressly  to  pronounce  judgment,  and  proved, 
on  trial,  incapable  of  distinguishing  horse-beef  from 
ox-beef. 

M.  Renault,  the  director  of  the  great  veterinary 
school  at  Alfort,  had  a  horse  brought  to  the  establish- 
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ment  with  an  incurable  paralysis.     It  was  killed ;  and 
three  days  afterwards,  ou  the  1st  December  1855,  eleven 
guests  were  icTited  to  dine  oflP  it :  they  were  physi-  ■ 
cians,  jonmalists,  veterinary  surgeons,  and  employ^a  I 
of  the  Government,    Side  by  side  were  dishes  prepared   ' 
by  the  same  cook,  in  precisely  similar  manner,  consist- 
ing of  similar  parts  of  the  meat  from  this  horse,  aiid  ■ 
from  an  ox   of  good  quality.     The  horse-s( 
flanked  by  an  ox-soup — the  bouilli  of  horse  by  a  bouilUi 
of  beef— the  fillet  of  roast-beef  by  a  fillet  of  roasb-| 
horse.    The  guests  unanimously/  pronounced  in  favour  ' 
of  the  horse-soup ;  the  bouilli,  on  the  contrary,  they 
thought  inferior  to  that  of  the  ox,  though  superior  to  J 
ordinary  beef,  decidedly  so  to  cow-beef     The  roastl 
fillet,  again,  seemed  to  them  very  decidedly  in  favourl 
of  the  horsa 

Similar  experiments  have  been  subsequently  repeatedl 
in  Paris  and  the  provinces,  nnder  vaiying  conditions : : 
the  guests  have  sometimes  been  informed  what  they 
were  going  to  cat ;  sometimes  they  have  been  totally 
unsuspecting ;  and  sometimes  they  have  been  simply 
told  that  they  were  going  to  eat  something  quite 
novel.  Yet  in  every  cms  the  result  haa  been  the 
same. 

It  is  on  this  evidence  that  M.  St  Hilaire  calls  apoal 
the  French  people  to  turn  their  serious  attention  to'l 
the  immense  mass  of  excellent  animal  food  which  liesl 
within  tbcir  reach,  and  which  they  annually  suffer  to  I 
waste,  merely  because  of  an  absurd  prejudice.  Difficult  I 
as  it  may  be  to  overcome  a  prejudice,  no  array  of  ij 


ranee  can  prevent  the  establishment  of  a  truth  which 
is  at  once  easily  demonstrable  and  immediately  bene- 
ficial Prejudice  may  reject  horse-flesh,  as  it  long  re- 
jected tea  and  potatoes,  the  latter  of  which,  Montaigne 
tells  us,  excited  Vestonnement  et  le  d^go'&t,  but  has 
neverthelesa  become  European  food. 

If  horses  are  eaten,  why  not  donkeys  ?  The  Greeks 
ate  donkeys,  and  we  must  suppose  they  had  their 
reasons  for  it.  Has  any  modem  stomach  been  cour- 
ageous enough  to  try  ? 

Yes,  the  experiment  has  at  least  been  made  once. 
Dr  John  Beddoe  of  Clifton  sends  me  the  following 
statement :— "  Several  years  ago,  I  entertained  six  or 
eight  medical  students  with  a  dinner,  at  which  the 
piice  de  resistance  was  nothing  else  than  the  hind-leg 
of  a  donkey  which  had  been  sacrificed  to  a  physiolo- 
gical experiment  One  or  two  of  my  guests  were  in 
the  secret ;  to  the  others  I  represented  the  meat  to  be 
part  of  a  fawn.  They  all  partook  of  it,  and  '  even 
asked  for  mora'  In  flavour  and  appearance  it  most 
resembled  mutton ;  but  though  young  it  was  far  from 
tender,  and  I  did  not  care  to  repeat  the  experiment,  to 
which  I  had  been  instigated  partly  by  a  passage  in  an 
Arabian  tale,  in  which  one  of  two  gastronomic  dis- 
putants, in  reply  to  a  commendation  of  a  shoulder  of 
lamb,  is  made  to  say,  '  You  know  nothing :  what  say 
you  to  the  neck  of  a  young  ass  carefully  roasted?'" 
Although  Dr  Beddoe  does  not  report  veiy  favourably 
of  the  tenderness,  his  guests  found  the  mea't  sufficiently 
appetising,  since  they  "  asked  for  more."    Besides,  the 


IGG  FOOD    AND   DHIKK. 

animal  may  have  been  too  fresh  ;  another  day  or  1 
might  have  given  it  the  requisite  tendemesa.   The  p( 
is  worth  investigating ;  for  if  the  horse  and  donkey  i 
be  introduced  among  onr  meats,  thousands  who  now 
rarely  touch  animal  food  may  be  supplied.     So  numi 
horses  are  lolled  by_accident,  or  killed  because  they  an 
lame  or  vicious,  that  the  supply  would  be  enormon^ 
without  any  necessity  for  killing  horses  expressly. 

A  new  and  noble  kiiid  of  meat  has  recently  been 
suggested  by  Prof.  Owen,  whose  accotmt  of  the  flavoi 
and  capabilities  of  the  Eland  will  doubtless  indui 
noblemen  to  introduce  that  animal  into  their  parka, 

3.  Fish  is  largely  eaten  by  all  classes,  and  is  certainly 
nutritious.  Great  differences  are  noticeable  in  the  dif- 
ferent kinds.  Many  kinds  have  large  quantities  of  0% 
— as  the  eel,  salmon,  herring,  pilchard,  and  eprat ;  and 
these  are  therefore  the  least  digestible.  The  oil  is  most 
abundant  in  the  "  thin  "  parts  of  salmon,  which  are 
consequently  preferred  by  epicures.  After  spawning 
the  quality  is  very  inferior.  In  the  codj  whiting, 
haddock,  plaice,  flounder,  and  turbot,  there  ia  no  oil 
except  in  their  livers,  so  that  these  are  easOy  digested, 
especially  if  they  are  not  eaten  with  quantities  of  lob- 
ster or  shrimp  sauce,  agreeable  adjuncts  very  apt  ta 
esact  large  corapensatioii  from  the  delicate  in  the  shape 
of  acidity  and  flatulence. 

Frying,  of  course,  renders  fish  less  digestible  than 
boiling  or  broiling ;  and  those  whose  digestions  are 
delicate  should  avoid  the  skin  of  fried  fish.  They 
should  also  avoid  dried,  smoked,  salted,  and  pickled 
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;  craba,  lobsters,  prawns,  and  Bbiimps.  Tlie  oyster 
ia  most  digestible  when  raw,  least  ao  when  stewed.  Dr 
Beaumont  found  the  raw  oyster  took  2  hours  55  minutes 
to  digest,  the  roasted  oyster  3,15,  and  the  atewed  3.30. 
What  is  called  "  scalloping  "  gires  oysters  a  delicions 
flavour,  but  the  heat  coagulates  the  albumen  and 
hardens  the  fibrine ;  besides,  the  effect  of  heat  on  the 
butter  in  which  they  are  cooked  renders  it  very  unfit 
ibr  the  delicate  stomach. 

Respecting  the  nutritive  quality  of  fish,  opinions  are 
divided.  Let  us  hear  old  Leeuwenboek.  "  It  is  the 
opinion  of  many  medical  persons,"  he  says,  "  that 
various  disorders  in  the  human  frame  are  caused  by 
acid  in  the  stomach,  which  coagulates  the  juices  (!) ; 
and  some  condemn  the  use  of  acids,  and  also  of  fish, 
as  articles  of  food.  But  to  these  opinions  I  cannot 
Stthscribe ;  for  at  a  town  in  my  neighbourhood,  where 
the  people  get  their  Hving  by  fishing,  and  feed  princi- 
paOy  on  fish,  especially  when  they  are  on  the  sea,  the 
men  are  very  robust  and  healtby  even  to  a  great  age ; 
and  with  respect  to  myself,  I  have  experienced  that 
when  my  habit  of  body  has  been  indisposed,  I  have 
been  greatly  refreshed  by  eating  fish  with  aauce  com- 
posed of  a  mixture  of  butter  and  vinegar,  and  I  never 
found  acid  sauces  disagree  with  me.  It  is  also  my 
opinion  that  a  fish  diet  is  more  wholesome  than  flesh, 
particularly  to  those  persons  who  do  not  use  much 
exercise,  because  fish  is  more  easily  comminuted  and 
digested  in  the  stomach  and  bowels  than  flesL"  * 
•  Leboweshoek  ;  SelecC  Wia-ti,  I  164. 
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But  while  fishermen  are  robust  on  a  fish  diet,  it  is 
notorious  that  those  accustomed  to  meat  find  a  certain 
itebility  follow  the  adoption  of  »n  exclusively  fish  diet 
— during  Lent,  for  instance ;  and  jockeys,  when  "  wast- 
ing" themselves  at  Newmarket,  take  fish  in  heu  of 
meat.  Lelimann  cites  the  analyses  of  Schlossbei^, 
which  show  "  tliat  the  amount  of  nitrogen  in  mnscular 
fibre  ia  throughout  the  animal  idngdom  essentia% 
similar.  The  flesli  of  fish  coutains  the  same  amount 
as  that  of  the  higher  animals ;  oysters,  on  the  contraiy, 
instead  of  containing  more,  as  common  experience 
would  leail  us  to  conjecture,  actually  contain  leas,"* 
There  is,  however,  as  we  have  seen,  a,  remarkable  differ^ 
encG  between  being  rich  in  nitrogen,  and  being  good 
food.  One  reason  why  fish  is  less  nutritious  than 
flesh,  in  spite  of  the  similarity  in  their  compositionj  is 
said  to  be  the  absence  of  the  osmazome  which  gives 
flavour  to  flesh. 

One  of  the  popular  notions  entertained  even  by 
some  medical  men  is,  that  eating  fish  increases  fertil- 
ity, and  that  the  fish-eatin  g  tribes  are  unusually  prolific. 
We  need  not  pause  to  refute  the  physiological  ail- 
ments on  which  this  opinion  is  founded,  as  the  fact 
asserted,  of  fish-eating  tribes  being  very  prolific,  is 
itself  a  fiction.     Dr  Pereira  remarks : — 

"  There  is,  I  think,  sufficient  evidence  to  prove  that 
the  ichthyophagous  people  are  not  more  prolific  than 
others.  In  Greenland  and  among  the  Esquimaux,  aaya 
Foster,  where  the  natives  live  chiefly  upon  fish,  seala, 
*  Lebmabn;  Ph^iiol.  Chtmit,  iii.  361. 
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^K'and  oily  animal  substances,  the  women  seldom  bear 

V  children  oftener  than  three  or  four  times :  five  or  six 

I       births  are  reckoned  a  veiy  extraordinary  instance.     The 

Pesseraia  whom  we  saw  bad  not  above  two  or  three 

t  children  belonging  to  each  family,  though  their  com- 
mon food  consisted  of  muesela,  fish,  and  seal-flesh.  The 
New  Zealanders  absolutely  feed  on  fish,  and  yet  no 
more  than  three  or  four  children  were  found  in  the 
most  prolific  families."  • 
4.  Eggs  are  very  nutritious,  especially  when  poached 
or  lightly  boiled ;  when  boiled  hard,  or  fried  in  butter, 
they  are  difficult  of  digestion ;  and  the  same  may  be 
said  of  omelettes,  pancakes,  and  fritters. 
But  here,  as  indeed  in  all  other  cases,  only  general 
r  empirical  rules  can  be  laid  down — rules  which  indivi- 
dual experience  must  rectily  or  confirm.  There  are 
persons  who  cannot  eat  the  white  of  egg ;  there  are 
persons  who  cannot  eat  the  yolk  ;  and  there  are  others 

»who  cannot  eat  egg  in  any  shape  whatever.  To  some 
persons  of  delicate  digestion,  e^s  arc  foimd  very  suit- 
able ;  while  to  others,  whose  digestion  is  generally 
■  good,  they  are  hurtful  "In  short,"  says  Leeuwen- 
hoek,  "we  can  much  better  judge  for  ourselve 
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."■f-     Experience,  enlightened  by  vigilant  good- 
,  can  alone  determine  such  questions  for  each  per- 
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■with  him,  that  "they  are  really  very  wholesome 
not  less  idle  to  warn  him  against  egga,  or  anytl 
else,  which  his  experience  pronouncea  beneficiaL 
blissful  being  who  knows  not,  except  by  rumoar,  whi 
is  the  difference  between  digestible  and  indigestibl 
may  smile  at  Science  and  its  exhortations  ;  the  mjaer- 
able  being  whose  stomach  painfully  obtrudes  itself 
upon  his  coiisciousnesH  by  importunities  not  to  be 
evaded,  and  by  clamonrs  not  to  be  outargued,  may 
gather  some  guiding  light  from  general  rules,  and  thus 
by  Tigilance  arriye  at  positive  results  for  himself, 

5.  Pastry. — There  are  two  kinds  of  pie-cmst,  called 
"  puff"  and  "  short "  paste  ;  of  these,  the  latter  is  the 
most  digestible,  because  the  butter  is  thoroughly  mingled 
with  the  dough,  and  is  by  this  means  in  that  state  of 
minute  subdivision  wiiich,  when  treating  of  Fatg  aiid 
Oils,  we  saw  to  be  neceaaary  for  its  proper  digestion  ; 
morever,  the  starch  is  also  thus  more  equally  distributed. 

In  puff  pastry  this  is  not  the  case :  the  dough 
forms  itself  into  thin  and  solid  layers.  "  All  pastry," 
according  to  Dr  Paris,  "  is  an  abomination.  I  verily 
believe  that  one-half  of  the  cases  of  indigestion  which 
occur  after  dinner-parties  may  be  traced  to  this  cause." 

A  hard  sentence,  this,  on  juveniles  and  pastry-lovers ; 
hut  in  mitigation,  one  may  suggest  that  the  offences  of 
pastry  lie  less  in  its  own  sinful  composition,  than  in 
the  fact  of  its  succeeding  a  chaos  of  meats,  made-dishes, 
and  mingled  vintages.  The  gentleman  who  was  found 
reeling  forlorn  and  helpless  against  the  railings,  on  his 
way  home  after  dinner  with  a  friend,  hiccuped  energetic 
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denunciations  against  that  "  knuckle  of  ham  "  which 
had  taken  the  steadiness  from  his  legs  and  the  single- 
ness from  visual  objects ;  in  like  manner  the  tart, 
which  is  innocent  when  following  a  simple  joint,  may 
become  as  guilty  as  the  knuckle  of  ham,  at  the  rear  of 
an  elaborate  dinner.  We  are  all  apt  to  over-eat  our- 
selves, and  then  we  throw  the  blame  of  our  imprudence 
on  some  article  of  food  not  in  itself  more  objectionable 
than  the  othera 

6.  Vegetables. — The  immense  variety  of  vegetable 
food  caimot,  of  course,  even  be  iadicated  in  so  rapid  a 
Horvey  as  this.  A  volume  might  be  written  on  the 
'bread-plants  alone.  The  tropical :  rice,  plantain,  yam, 
Bweet-potato,  uhayote,  arrow-root,  cassava,  bread-fruit, 
sago,  cocoa-nut,  taro,  and  date  ;  and  the  extra-tropical: 
wheat,  lye,  barley,  oats,  buckwheat,  and  potatoes ;  with 
maize,  which  ia  common  to  both  regions — these  alone 
support  millions  of  human  beings,  and  are  justly  named 
"  the  staff  of  life." 

The  tropical  plants  yield  more  than  the  others ; 
wheat  yields  on  an  average  only  five  or  six  fold  in 
northern  Europe,  and  eight  or  ten  fold  in  southern 
Europe  ;  but  rice  yields  a  hundred-fold.  The  plantain 
yields  133  times  as  much  food  as  wheat  on  the  same 
area.  With  a  small  garden  round  hia  hut  the  peasant 
support  his  family.  And  how  easy  is  subsistence 
in  the  Asiatic  Archipelago,  where  sago  grows  wOd  in 
the  woods,  and  a  man  goes  into  the  forest  to  cut  hia 
bread,  as  we  to  cut  our  firewood.  He  fells  the  tree, 
'divides  it  into  several  pieces,  scrapes  the  pith  out. 
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mixes  it  with  water,  strains  it,  and  there  is  sago-meal 
ready  for  use* 

The  bread-countries  have  been  thus  geographically 
indicated  by  Schouw :  —  "  The  iread-line  extends 
furthest  north  in  Scandinavia,  for  in  Finmark  we  meet 
— only  within  the  fiords,  it  is  true — with  barley  and 
potatoes  up  to  70°  N.  latitude  ;  from  here  it  sinks  both 
to  the  east  and  west.  It  is  well  known  that  neither 
Iceland  nor  Greenland  possess  bread-plants,  although 
the  south  coast  of  the  former  lies  in  63^°,  and  that  of 
the  latter  in  60°  N.  latitude  ;  and  that  in  the  Feriie 
Islands,  aithough  lying  between  61^°  and  62^°,  there 
exists  but  an  inconsiderable  cultivation  of  barley.  On 
the  east  side  of  North  America  the  bread-line  sinks  still 
further  to  the  south,  for  Labrador  and  Newfoundland 
have  no  bread-plants,  and  the  limit  can  scarcely  be  put 
here  higher  than  50°,  consequently  much  further  south 
than  in  Denmark,  where  the  plains  abound  in  com.  It 
extends  a  little  further  north  on  the  western  coast  of 
North  America,  which,  as  is  well  known,  possesses  a 
warmer  climate  than  on  the  east  side.  The  few  data 
which  we  find  here,  render  the  determination  of  the 
north  hmit  rather  uncertain  ;  it  can  scarcely  be  placed 
higher  than  57°  or  58°.  Turning  from  Scandinavia 
towards  the  east,  we  find  a  depression  of  the  bread-line 
even  in  European  Russia,  here  coming  hy  67°  north- 
ward of  Archangel.  The  curve  is  considerable  in 
Asiatic  Eussia ;  at  Ob  the  north  limit  of  bread  comes 
to  60°,  at  Jenesi  to  58°,   at  Lena  67^°,  and  in  Kam- 

•  Schouw  :  Tl,e  Earl!^  Plauti,  and  Man  (TrEns.),  p.  131. 
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tscbatka,  whicli  has  only  a  slight  ctiltivation  of  corn  in 
the  moat  southern  part,  it  sinks  to  SI'' — thus  to  about 
the  same  latitude  as  on  the  east  coast  of  North  America, 
The  bread-line  has  thus  two  polar  and  two  equatorial 
curves,  the  former  corresponding  to  the  western,  the 
latter  to  the  eastern  sides  of  the  continent."  * 

Vegetarianism. — On  surveying  the  list  of  nations 
and  tribes  whose  food  is  principally,  or  entirely,  vege- 
table, we  are  naturally  led  to  ask  what  confidence  is 
due  to  that  party  in  America  and  England  which  pro- 
claims Vegetarianism  to  be  the  proper  creed  for  civilised 
men,  and  vegetable  food  the  healthiest  and  suitablest 
in  every  way.  Many  years  ago,  I  was  myself  a  convert 
to  this  doctrine,  seduced  by  the  example  and  enthusiasm 
of  Shelley ;  and,  for  the  six  months  in  which  I  rigidly 
adhered  to  ita  precepts,  could  find  no  sensible  differ- 
ence, except  that  I  was  able  to  study  immediately  after 
dinner.  It  soon  became  clear,  however,  that  the  argu-. 
ments  on  which  the  doctrine  rests  for  support  would 
not  withstand  physiological  scrutiny. 

It  is  unnecessary  to  do  more  than  allude  to  siich  fan- 
tastic arguments  as  that  of  Kousseau,  who  maintained 
vegetables  to  be  our  proper  food,  becanse  vre  have  two 
breasts,  like  the  vegetable  feeders  ;  an  argument  as 
worthless  as  the  counter-argument  of  Helvetins,  that 
flesh  is  our  only  proper  food,  because  we  have  the  blind 
intestine  short,  like  the  flesh-feeders.  The  vegetarian 
theory  is  at  variance  with  the  plain  indications  afforded 
by  our  stmctnre,  and  by  the  indications,  no  less  plain, 
•  SOHOTJW  :  Tlie  EarA,  Plantt,  and  Uaa  (Tnine.),  p.  131 . 
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afforded  by  onr  practice.  The  sfructEre  of  our  teeth 
and  intestinal  canal  points  to  a  mixed  diet  of  fleah  and 
vegetable;  and  aJthougb  the  practice  of  milliona  may 
be  to  avoid  flesh  altogether,  it  ia  equally  the  practice 
of  millions  to  eat  it.  In  hot  climates  there  seems  little 
or  no  necessity  for  animal  food ;  in  cold  climates  it  ia 
imperatively  demanded.  In  moderate  climates,  food  is 
partly  animal  and  partly  vegetable.  Against  instinct, 
so  manifested,  it  is  in  vain  to  argue;  any  theory  of 
food  which  should  run  counter  to  it  stands  aelf-con- 
demued. 

Besides  this  massive  evidence,  we  have  abundant 
examples  in  individual  cases  to  show  how  necessary 
animal  food  is  for  those  who  have  to  employ  much 
muscular  exertion.  The  French  contractors  and  manu- 
facturers who  were  obliged  to  engage  English  navvies 
and  workmen,  because  French  workmen  had  not  the 
requisite  strength,  at  last  resolved  to  try  the  effect  of  a 
more  liberal  meat  diet ;  and  by  giving  the  Frenchman 
as  ample  a  ration  of  meat  as  that  eaten  by  the  English- 
man, the  difference  was  soon  reduced  to  a  mere  nothing. 
It  ia  worth  noting  that  the  popular  idea  of  one  English- 
man being  equal  to  three  Frenchmen,  was  found  by 
contractors  to  be  tolerably  accurate,  one  Englishman 
really  doing  the  work  of  two  and  a  half  men ;  and  M, 
Payen  remarks  that  the  consumption  of  mutton  in 
England  is  three  times  as  much  as  that  in  France,  in 
proportion  to  the  inhabitants.* 

It  is  a  fact  of  very  great  importance  that  the  cliemi- 
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cal  constitation  of  the  Bhmd  ic  aotdUy  iIIbbI  \if  am 
exclusively  vegetaUe  diet  -  Yodefl  £«ann4  tfcat  tb* 
blood  of  sninuds  fed  cxdMiwiy  ok  iofc  oMined  s 
quantity  of  pboe^thatcs,  wltfle  tbe  eiibomteg  bad  db- 
appeared  ;  on  the  oontmrj,  tbe  ■me  atumJm  fcd  «b 
vegetables  had  blood  rich  in  culxMtttc^mAlMt&tflecf 
the  phosphates.  A  dt^  ms  fed  for  ft  fortai^  tm  tiA, 
and  the  ashes  of  its  blood  jidded  m  maA  at  IS  ptc 
cent  of  phosphoric  add,  eombuied  wiA  alkafies.  The 
same  dog  fed  on  bread  and  potatoes  Aowed  oalf  9 
per  cent ;  and  if  it  could  bave  been  fed  en  gn^* 
vegetables,  there  would  not  have  be«»  mote  ikan  2 
or  3  per  cent — as  in  the  blood  of  abeep  aiwl  oxen.* 

There  are  many  condnsions  Co  be  drawn  from  tiila 
fact.  One  only  need  be  hinted  at  here.  Thoee  wbo 
have  any  predisposition  to  the  terrible  disease  caDed 
"the  stone"  should  abstain  as  much  as  posnble  from 
animal  diet,  bread,  and  peas,  since  it  is  thence  that  the 
phosphoric  acid  in  excess  is  derived,  which  will  form 
the  phosphate  usually  characteristic  of  the  "otone." 
By  a  vegetable  diet  the  blood  is  rendered  alkaline ; 
this  win  enable  the  nric  acid  to  remain  soluble ;  and 
thus,  even  if  a  stone  be  already  formed,  its  progress 
will  be  arrested. 

Tea,  Ooffee,  Chocolate,  Wines,  and  Seers,  have  been  to 
amply  and  lucidly  treated  of  by  Johnston  in  his  Che- 
inistry  of  Common  Life,  that  we  need  say  nothing  of 
them  in  this  place,  except  to  remark  that  they  are  all 
undeniably  nourishing,  although  aeemingly  incapablo 
*  VBBPBn,  in  Compta  Batdni  d<  la  Sodiit  dt  BiutogU,  181&,  p.  71. 
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of  entering  into  the  composition  of  any  tissue,  so  that 
their  physiological  value  is  still  a  mystery. 

There  are  few  facts  better  established  than  that  Tea 
and  Coffee,  no  less  than  Wine  and  Beer,  and  Narcotics, 
increase  the  activity  and  power  of  the  organism,  while 
they  diminish  its  waste.  In  Dr  Booker's  experiments 
on  himself,  it  appeared  that  when  for  seven  days,  con- 
secutively, he  drank  only  water  with  insufficient  food, 
he  daily  lost  12  ounces  aroirdupois,  more  than  when, 
with  the  same  amount  of  food,  he  drank  tea.  More- 
over, when  he  took  a  sufficient  quantity  of  food  he 
gained  weight,  if  tea  were  added.  He  found  tea 
very  materially  diminish  the  amount  of  urea  and 
other  excretions ;  and  it  also  limited  the  amount  lost 
in  perspiration. 

In  Dr  Julius  Lehmann's  experiments  on  himself, 
with  coffee,  similar  results  were  reached.  They  are 
thus  stated  by  Dr  Chambers  :  * 

1.  That  coffee  produces  on  the  organism  two  chief 
effects  which  it  is  very  difficult  to  connect  together — 
viz.  the  raising  the  activity  of  the  circulating  and 
nervous  systems,  and  remarkably  retarding  the  decom- 
position of  the  tissues. 

2.  That  it  is  the  reciprocal  modifications  of  the 
empyreumatic  oQ  and  caffeine  contained  in  the  bean 
which  call  forth  the  stimulant  effects  of  coffee. 

3.  That  the  lessening  of  the  changes  of  decomposi- 
tion which  this  beverage  produces  in  the  body  is  chiefly 
caused  by  the  empyreamatic  oil. 

•  CHAMBEaa  :  D!geition  and  ill  Derangaaenli,  p.  213. 
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strable.    In  the  ca^es  nov  aider  tamiioatimt  JMltt^f 
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and  the  waste  is  lea&     And  w&at  mAt»  (fe  | 
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enter,  its  each,  into  tiie  coiaptwtioa  «f  Ike^  I 
They  must  be  supposed,  \hexeUitt,  to  aci  vfo» 
but  how  can  they  act  opon  them,  erolTiBg  fi 
out  producing  decomposition  ? 

I  instituted  some  expenmeota  witb  »  vkv  of  dtftn- 
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miumg,  if  possible,  ■what  the  precise  action  was,  and 
whether  it  was  similar  in  each  case.  The  fact  that  W6 
ordinarily  employ  alcohol  to  preserve  animal  prepara- 
tions— to  protect  them  from  that  decomposition  which 
would  otherwise  ensue  if  the  substances  were  left  to 
themselves — suggested  the  idea  that  when  we  drink 
alcohol,  in  wine,  beer,  or  spirits,  the  action  on  our 
tissues  may  be  of  the  same  nature,  only  less  energetic 
If  a  temporary  auspension  of  the  inevitable  process 
of  decomposition  were  effected  by  alcoholic  drinks — ^if 
the  alcohol  acted  on  the  living  as  on  the  dead  tissue, 
and  arrested  its  molecular  changes — we  should  then 
clearly  understand  how  it  is  that  alcoholic  drinks 
diminish  waste,  bow  they  are  the  "savings-bank  of 
the  tissues,"  and  how  they  lessen  the  quantity  of 
food  which  is  needful.  But  the  mystery  would  still 
remain  how  such  an  arrest  of  change  could  be  coin- 
cident with  an  increa.se  of  power. 

The  point  I  endeavoured  to  establish  was  this  :  Are 
the  tissues  preserved  by  decoctions  of  Tea,  Tobacco, 
and  Cofi'ee,  in  the  same  way  as  by  Alcohol  ?  The  ex- 
periments gave  a  decided  negative ;  and  I  am  now 
disposed  to  doubt  whether  the  action  of  Alcohol  on 
the  living  tissues^  when  taken  in  the  highly- diluted 
form  of  wine  or  spirits,  has  any  notable  resemblance 
to  that  which  concentrated  Alcohol  has  on  dead  tissue. 
Consequently,  the  mode  of  action  of  tea,  coffee,  and 
narcotics  has  yet  to  be  explained ;  and  when  ex- 
plained, there  wUl  stUl  remain  the  paradox  of  in- 
creased activity  with  diminished  waste, 


We  have  thus  surveyed  the  great  vai'ieties  of  Tood, 
and  have  seen  how  far  Science  is  from  any  accurate 
data  respecting  the  nutritive  value  of  separate  sub- 
stances. It  is  doubtful  whether  this  last  requisite 
will  ever  be  attained,  owing  to  the  complexity  of  the 
problem,  and  the  shifting  nature  of  the  data. 

The  nutritive  value  of  any  substance  is  necessarily 
dependent  on  the  relation  of  that  substance  to  the 
organism ;  but  that  relation  cannot  be  constant,  be- 
cause the  organism  itself  is  frequently  changing. 
Moreover,  a  substance  which  under  ordinary  circum- 
stances will  be  very  nutritious,  suddenly  fails  to 
nourish,  because  some  other  substance  is  present,  or 
some  other  substance  is  absent.  Whenever  the  ani- 
mal ia  a  various  feeder,  variety  in  food  becomes  in- 
dispensable. Majendie  found  that  rabbits  could  not 
subsist  longer  than  a  fortnight  if  fed  on  a  single 
article  of  their  ordinary  food,  such  as  carrots,  or 
cabbages,  or  barley ;  and  Ernest  Burdach  made  the 
following  experiment :  Taking  three  rabbits  not  quite 
fuH-grown,  but  all  three  from  the  same  litter,  and  aa 
nearly  alike  aa  possible  in  size,  strength,  colour,  form, 
and  sex  ;  to  the  one  he  gave  nothing  but  water  and 
potatoes,  which  were  furnished  In  abundance ;  '  it  ate 
seven  ounces  on  the  first  day,  six  on  the  second, 
and  gradually  less  and  less  ;  its  weight,  which  on 
the  seventh  day  was  161  gros,  was  reduced  by  the 
thirteenth  day  to  93  gros,  when  it  died  completely 
exhausted.  The  second  was  fed  in  the  same  way  with 
barley  ;  it  ate  20  gros  the  first  day,  14  the  third,  and 
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SO  on  less  and  less  ;  in  tlie  fourth  week  it  expired.  The 
third  rabbit  was  ted  on  alternate  days  with  potatoes 
and  barley,  and  its  weight  increased  till  the  nineteenth 
day ;  and  a,s  its  weight  then  remained  stationary,  in 
the  third  week  both  potatoes  and  barley  were  given 
together,  npon  which  the  weight  continued  to  in- 
crease, and  the  animal  retained  its  oiiginal  vivacity." 

VI.  The  Quantity  of  Food.— It  has  long  been  a 
question  what  quantity  of  IFood  is  requisite  for  the 
proper  suataimnent  and  repair  of  the  organism.  Like 
most  other  questions  of  the  kind,  it  can  be  answered 
only  in  a  rough  manner,  precision  being  impossible. 
The  differences  of  individuaJ  organisms,  and  the  dif- 
ferent conditions  of  these  organisms,  must  always  in- 
terfere with  any  attempt  at  accurate  estimates.  The 
same  man  must  necessarily  require  more  food  when  in 
activity  than  when  in  repose ;  in  cold  cUmates  more 
than  in'hot  climates  ;  and  although  we  may  strike  an 
average  which  shall  be  accurate  enough  as  a  matter  of 
figures,  of  what  use  can  an  average  be  in  Physiology  'I 
The  man  to  he  fed  is  not  cm  average.  A  hundred  men 
will  consume  an  amount  of  food  which  may  be  accu- 
rately divided  into  a  hundred  parts  ;  but  these  figures 
give  U3  no  real  clue  to  the  quantity  needed  by  each 
individual ;  and  rations  founded  on  such  estimates  must 
necessarily  be  imperfect,  one  man  receiving  more,  an- 
other less,  than  is  required. 

Individual  experience  can  only  be  valid  for  the  in- 
dividual Valentin,  from  experiments  on  himself, 
found  that  his  daily  consamption  was  rather  more 
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than  six  pounds  of  solid  and  liquid  food  ;  but  Comaro 
for  fifty-eight  years  took  no  more  than  12  ounces  of 
solid  food,  and  H  ounces  of  light  wine.  Here  are  two 
individual  experiences  widely  discrepant.  It  is  clear  to 
the  physiologist  that  the  very  small  amount  of  solid 
food  taken  by  Comaro  was  partly  compensated  by  the 
nutritive  value  of  the  wine ;  and  partly  by  the  fact 
that  his  moderate  activity  caused  a  less  demand  than 
is  usual  among  men  ;  but  even  when  due  allowance  is 
made  for  such  elements,  we  are  brought  no  nearer  to  a 
correct  estimate,  because  we  have  not  yet  determined, 
and  perhaps  never  shall  determine,  the  nutritive  value 
of  the  different  articles  of  food  ;  so  that  those  elaborate 
arrays  of  weights,  which  many  chemists  and  physiolo- 
gists are  fond  of  producing  as  evidence,  are  vitiated 
by  the  initial  fallacy  of  supposing  that  vital  pheno- 
mena can  be  satisfactorily  reducible  to  arithmetical 
calculation. 

We  are  tempted  to  pause  here  for  a  moment  to 
notice  one  of  the  most  singular  of  these  misleading 
applications  of  arithmetic  to  Life.  Both  phrenologists 
and  their  antagooista  constantly  invoke  the  weight  of 
the  brains  of  different  men  and  animals,  as  if  they 
believed  in  an  exact  correspondence  between  so  many 
ounces  of  nervous  matter,  and  so  much  cerebral  acti- 
vity. Nevertheless  they,  at  the  same  time,  maintain 
that  size  is  not  the  measure  of  power,  unless  "all 
other  tilings  are  equal."  Now  the  truth  is  that  "all 
other  things"  never  are  equal,  in  two  different  brains* 
Nervous  tissue  is  not  like  so  much  salt  or  cbalk,  (Ifji-- 

*  Sao  Biajraphical  Hiit.  qfPhilaiophg,  \Kt,  f 
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SO  on  less  and  less  ;  in  the  fourth  week  it  expirei  The 
third  rabbit  was  fed  on  alternate  days  with  potatoes 
and  barley^  and  its  weight  increased  till  the  nineteenth 
day ;  and  as  its  weight  then  remained  stationary,  Ih 
the  third  week  both  potatoes  and  barley  were  given 
together,  upon  which  the  weight  continued  to  in- 
crease, and  the  animal  retained  its  original  vivacity." 

VL  The  QuAHTiry  of  Food. — It  has  long  been  a 
question  what  quantity  of  Food  is  requisite  for  the 
proper  sustaimnent  and  repair  of  the  organism.    Lite 
most  other  questions  of  the  kind,  it  can  be  answered 
only  in  a  rough  manner,  precision  being  impossible. 
The  differences  of  individual  organisms,  and  the  dif- 
ferent conditions  of  these  organisms,  must  always  in- 
terfere with  any  attempt  at  accurate  eatimatea.     The 
same  man  must  necessarily  rtqitire  more  food  when  in 
aetivity  than  when  in  repose ;  in  cold  climates  more 
than  in'hot  climates  ;  and  although  we  may  strike  an     I 
average  which  shall  be  accurate  enough  as  a  matter  of  ft 
figures,  of  what  use  can  an  average  be  in  Physiology  'i  A- 
The  man  to  he  fed  is  not  an  average.    A  hundred  men  '  l 
will  consume  an  amount  of  food  which  may  be  aecu-i  I 
rately  divided  into  a  hundred  parts  ;  but  these  figures^' 
give  us  no  real  clue  to  the  quantity  needed  by  eacli'*^ 
individual ;  and  rations  founded  on  such  estimates  mnat>'- 
neceasarily  be  imperfect,  one  man  receiving  mor^  an-4  « 
other  less,  than  is  required.  ^   ' 

I  Individual  experience  can  only  be  valid  for  the  ii^  * 
ddnal  Valentin,  from  esperiments  on  himSd?ou 
lid  that  his  daily  consumption  was  rather  morl 
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so  on  less  and  less ;  in  the  fourth  week  it  expired  The 
tiird  rabbit  was  fed  on  alternate  days  with  potatoes 
and  barley,  and  its  weight  increased  till  the  nineteenth 
day ;  and  as  its  weight  then  remained  stationary,  in 
the  third  week  both  potatoes  and  barley  were  given 
together,  upon  which  the  weight  continued  to  in- 
crease, and  the  animal  retained  its  original  Tivacity." 

VI.  Tee  QuAHTirY  of  Food. — It  has  long  been  a 
qnestion  what  quantity  of  Food  is  requisite  for  the 
proper  sustainment  and  repair  of  the  organism.  Like 
most  other  questions  of  thu  kind,  it  can  be  answered 
only  in  a  rough  manner,  precision  being  impossible. 
The  differences  of  individual  organisms,  and  the  dif- 
ferent conditions  of  these  organisms,  must  always  in- 
terfere with  any  attempt  at  accurate  estimates.  The 
same  man  must  necessarily  require  more  food  when  in 
activity  than  when  in  repose ;  in  cold  climates  morfi 
than  iu'hot  climates  ;  and  although  we  may  strike  an 
average  which  shall  be  accurate  enough  as  a  matter  of 
figures,  of  what  use  can  an  ayerage  be  in  Physiology  i 
The  man  to  be  fed  is  not  an  average.  A  hundred  men 
will  coDsnme  an  amount  of  food  which  may  be  accu- 
rately divided  into  a  hundred  parts  ;  but  these  figures 
give  us  no  real  clue  to  the  quantity  needed  by  each 
individual ;  and  rations  founded  on  such  estimates  must 
necessarily  be  imperfect,  one  man  receiving  more,  an- 
other less,  than  is  required. 

Individual  experience  can  only  be  valid  for  the  in- 
diTiduaL      Valentin,  from  experiments    on    himself, 

md  that  his  daily  consumption  was  rather  more 
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than  six  pounds  of  solid  and  liquid  food ;  but  Oomaro 
for  fifty-eight  years  took  no  more  than  12  ounces  of 
solid  food,  and  11  ounces  of  light  wine.  Here  are  two 
individual  experiences  widely  discrepant.  It  is  clear  to 
the  physiologist  that  the  very  small  amount  of  solid 
food  taken  by  Comaro  was  partly  compensated  by  the 
nutritiye  value  of  the  wine ;  and  partly  by  the  fact 
that  Hs  moderate  aetivity  caused  a  less  demand  than 
is  osual  among  men  ;  but  even  when  due  allowance  is 
made  for  such  elements,  we  are  brought  no  nearer  to  a 
correct  estimate,  because  we  have  not  yet  determined, 
and  perhaps  never  shall  determine,  the  nutritive  value 
of  the  different  articles  of  food  ;  so  that  those  elaborate 
arrays  of  weights,  which  many  chemists  and  physiolo- 
gists are  fond  of  producing  as  evidence,  are  vitiated 
by  the  initial  feJlacy  of  supposing  that  vital  pheno- 
mena can  be  satisfactorily  reducible  to  arithmetical 
calculation. 

We  are  tempted  to  pause  here  for  a  moment  to 
notice  one  of  the  most  singular  of  these  misleading 
applications  of  arithmetio  to  Lifa  Both  phrenologists 
and  their  antagonists  constantly  invoke  the  weight  of 
the  brains  of  different  men  and  animals,  as  if  they 
believed  in  an  exact  correspondence  between  so  many 
ounces  of  nervous  matter,  and  so  much  cerebral  acti- 
vity. Nevertheless  they,  at  the  same  time,  maintain 
that  size  is  not  the  measure  of  power,  unless  "  all 
other  things  are  equal."  Now  the  truth  is  that  "  all 
other  things"  never  are  equal,  in  two  different  brains.* 
Nervous  tissue  is  not  like  so  much  salt  or  chalk,  dejl- 

*  See  Btographical  Sat.  0/ PkUimphy,  1857,  p.  637. 


80  on  lesa  and  leas ;  in  the  fourth  week  it  expired  The 
third  rabbit  iras  fed  on  alternate  days  with  potatoes 
and  barley,  and  its  weight  increased  till  the  nineteenth 
day ;  and  as  its  weight  then  remained  stationary,  in 
the  third  week  both  potatoes  and  barley  wore  given 
together,  upon  which  the  weight  continued  to  in- 
crease, and  the  animal  retained  its  original  vivacity." 

VL  The  QuANTnr  of  Food. — It  has  long  been  a 
question  what  quantity  of  Food  is  requisite  for  the 
proper  sastainraent  and  repair  of  the  organism.  Like 
most  other  questions  of  the  kind,  it  can  be  answered 
only  iu  a  rough  manner,  precision  being  impossihle. 
The  diffei'ences  of  individual  organisms,  and  the  dif- 
ferent conditions  of  these  organisms,  must  always  in- 
terfere with  any  attempt  at  accurate  estimates.  The 
same  man  must  necessarily  require  more  food  when  in 
activity  than  when  in  repose ;  in  cold  climates  more 
than  In'hot  climates  ;  and  although  we  may  strike  an 
average  which  shall  be  accurate  enough  as  a  matter  of 
figures,  of  what  use  can  an  average  be  in  Physiology  I 
The  man  to  be  fed  is  not  an  average.  A  hundred  men 
will  consume  an  amount  of  food  which  may  be  accu- 
rately divided  into  a  hundred  parts  ;  but  these  figures 
give  us  no  real  clue  to  the  quantity  needed  by  each 
individual ;  and  rations  founded  on  such  estimates  must 
necessarily  be  imperfect,  one  man  receiving  more,  an- 
other less,  than  is  required. 

Individual  experience  can  only  be  v^d  for  the  in- 
dividuaL  Valentin,  from  experiments  on  himself, 
found  that  his  daily  consumption  was  rather  more 


■S  NOT   TO  BE  ESTIMATED    BY   WEIGHT.      181 

than  six  pounds  of  solid  and  liquid  food  ;  but  Comaro 
for  fifty-eight  years  took  no  more  than  12  ounces  of 
solid  food,  and  14'  ounces  of  light  wine.  Here  are  two 
individual  experiences  widely  discrepant.  It  is  clear  to 
the  physiologist  that  the  very  small  amount  of  solid 
food  taken  by  Comaro  was  partly  compensated  by  the 
nutritive  value  of  the  wine ;  and  partly  by  the  fact 
that  his  moderate  activity  caused  a  less  demand  than 
is  usual  among  men  ;  but  even  when  due  allowance  is 
made  for  such  elements,  we  are  brought  no  nearer  to  a 
correct  estimate,  because  we  have  not  yet  determined, 
and  perhaps  never  shall  determine,  the  nutritive  value 
of  the  different  articles  of  food  ;  so  that  those  elaborate 
mrays  of  weights,  which  many  chemists  and  physiolo- 
gists are  fond  of  producing  as  evidence,  are  vitiated 
"by  the  initial  fallacy  of  supposing  that  vital  pheno- 
mena can  be  satisfactorily  reducible  to  arithmetical 
calculation. 

We  are  tempted  to  pause  here  for  a  moment  to 
notice  one  of  the  most  singular  of  these  misleading 
applications  of  arithmetio  to  Life.  Both  phrenologists 
and  their  antagonists  constantly  invoke  the  weight  of 
the  brains  of  different  men  and  animals,  as  if  they 
believed  in  an  exact  correspondence  between  so  many 
ounces  of  nervous  matter,  and  so  much  cerebral  acti- 
vity. Nevertheless  they,  at  the  same  time,  maintain 
that  size  is  not  the  measure  of  power,  unless  "  all 
other  things  are  equal."  Now  the  truth  is  that  "  aD 
other  things"  never  are  equal,  in  two  different  brains.' 
Nervous  tissue  is  not  like  so  much  salt  or  chalk,  deji- 

aaa  Biagraphieal  Hut.  itf  Fkilotophj,  18fi7,  p.  637- 
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nite  in  composition,  presenting  everywhere  precisely^ 
the  same  quantities   of  water,   phosphorus,  sulphnr,  ] 
&c. ;  nor  is  it  everywhere  precisely  similar  in  develop- 
ment; the  proportions   and  directions   of  its  fibres  I 
differing  in   different  brains,   and  at    different   ages  I 
of  the  same  brain.     Yet  it  ia  oit  these  two  qualities,  I 
of  composition  and  development,  that  the  functions  1 
of  the  brain  will  greatly  depend  for  their  relative  in- ' 
tensity;  and  these  are  not  ascertainable  by  measure-  I 
ment,  or  by  weight.    To  weigh  the  brains  of  two  men, 
with  a  view  of  determining  what  the   comparative  I 
intellectual  power  of  the  two  men  really  was,  is  as 
chimerical  as  to  weigh  two  men  in  the  scales,  with  a  | 
view  of  ascertaining  what  amount  of  muscular  energy, 
dexterity,  and  endurance  each  possesses.     Indeed,  the   | 
error  never  could  have  gained  acceptance  for  a  moment, 
if  a  true  conception  of  biological  philosophy  had  been 
prevalent,  because  such  a  conception  would  have  re- 
pudiated the  attempt  to  explain  vital  or  psychological 
phenomena  by  the  method  effective  only  in  Physics. 

Quitting  these  estimates,  and  Interrogating  experi- 
ence, we  find  the  most  singular  and  inexplicable  dif-  I 
ferences  in  the  quantities  of  food  which  individuals  I 
require,  and  in  the  quantities  which  they  will  consume 
if  permitted. 

As  a  general  rule,  more  is  eaten  in  cold  climates 
than  in  hot  climates ;  but  it  is  by  no  means  clear  to 
me  that  the  reason  of  this  is  the  one  advanced  by 
Liebig  when  he  says,  "  Our  clothing  is  merely  an 
equivalent  for  a  certain   amount  of  food ;  the  more 
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warmly  we  are  clad,  the  less  urgent  becomes  tlie  appe- 
tite for  food,  because  the  loss  of  heat  by  cooiing,  and 
consequently  the  amount  of  heat  to  be  supplied  by 
food,  is  diminished."  The  relation  between  cold  and 
food  is  more  complex  than  that ;  and  when  Liebig 
refers  to  the  gluttony  of  the  Samoyedes,  he  overlooks 
the  gluttony  of  the  Hottentots,  which  is  quite  as  re- 
markable. "  If,"  he  says,  "  we  were  to  go  naked  like 
certain  savage  tribes,  or  if  in  hunting  and  fishing  we 
were  exposed  to  the  same  degrees  of  cold  aa  the 
Samoyedes,  we  should  be  able  with  ease  to  consume 
half  of  a  calf,  and  perhaps  a  dozen  of  tallow  candles 
into  the  bargain,  daily,  as  warmly-clad  travellers  have 
related  with  astonishment  of  these  people.  We  should 
then  also  be  able  to  take  the  same  quantity  of  brandy 
or  train-oil  without  bad  effects,  because  the  carbon  and 
hydrogen  of  these  substances  would  only  suffice  to  keep 
np  the  equilibrjum  between  the  esternal  temperature 
and  that  of  our  bodies." 

This  sounds  very  plausible  as  long  as  we  confine  our 
attention  to  Samoyedes,  but  it  is  rendered  questionable 
by  the  statement,  recorded  by  Barrow  in  his  Travels  in 
Sovihern  Africa,  that  the  Hottentots  are  the  greatest 
gluttons  on  the  face  of  the  earth.  Ten  Hottentots  ate 
a  middling-sized  ox  in  three  days ;  and  three  Bosjes- 
mans  had  a  sheep  given  them  about  five  in  the  eveu- 
ing,  which  was  eutlrely  consumed  before  noon  of  the 
followiug  day.  "They  continued  to  eat  all  night, 
without  sleep  aud  witliout  intermission,  <"" 
finished  the   whole   animaL      After   this 


belliea   were  distended   to  sucli  a  degree  that  they 
looked  less  like  human  beings  than  before." 

The  inhabitants  of  the  Alpine  regions  of  Lapland 
and  of  Norway  arc  not  remarkable  for  their  voracity, 
nor  are  the  Icelanders :  a  sufficient  proof  that  mere 
temperature  is  not  the  sole  cause  of  excessive  eating, 
since  such  excess  is  sometimes  observable  in  hot  cli- 
mates, and  not  always  observable  in  cold  climates. 

Although  Liebig's  statement  cannot  be  accepted, 
being  indeed  only  one  of  the  conclusiona  deduced 
from  hia  theory  of  respiratory  food,  there  is  ample 
evidence  to  show  that,  without  referring  excessive 
gluttony  to  cold,  we  are  justified  in  referring  an  in- 
crease of  appetite  to  cold ;  and  the  increase  is  perfectly 
intelligible :  more  exercise  must  be  taken  in  cold 
weather  to  develop  the  necessary  amount  of  animal 
heat,  more  tissue  must  be  wasted,  and  consequently 
more  supply  is  needed  for  repair.  "  He  who  is  well 
fed,"  says  Sir  John  Eoss,  "  resists  cold  better  than  the 
man  who  ia  stinted;  whQe  starvation  from  cold  follows 
but  too  soon  a  starvation  in  food."  The  same  writer 
thinks,  that  not  only  should  voyagers  to  the  polar 
regions  take  more  food  than  usual,  but  "  it  would  be 
very  desirable  indeed  if  the  men  could  acquire  the 
taste  for  Greenland  food,  since  all  experience  has  shown 
that  the  large  use  of  oil  and  fat  meats  is  the  true 
!t  of  life  in  these  countries,  and  that  the  natives  oan- 
i-irt  subsist  without  it,  becoming  diseased,  and  dying, 
[■nth  a  more  meagre  diet." 
The  accounts  which,  travellers  ^ve  ot  t\\B  c^uaotity 


A   aOOD  if  PXTITB, 

f  food  which  can  be  consume-d  are  extraordinary.     Sir 

iTohn  Eoss  estimat-ea  that  an  Esq_imuaTix  will  eat  per- 

r  haps  twenty  pounds  of  flesh  and  oil  daily.    Compare 

^tioB  with  VaJentin's  bis  poundB,  or  with   Cornaro's 

reive  ounces  of  solids  and  fourteen  ounces  of  wine  ! 

1  Parry  tried,  as  a  matter  of  curiosity,  how 

h  an  Esquimaux  lad,  who  was  scarcely  full  grown, 

uld  consume  if  left  to   himself.     The  following 

I  were  weighed  before  being  given.     He  was 

y  hours  getting  through  them,  and  certainly  did 

rt  consider  the  quantity  extraordinary : 

Lb.  Ou 

Sea-horse  flesh  hard  frozen,  4        4 

„  „     boiled,        ..44 

Bread  and  bread-dust,  .         1       12 


j  Capt^ 

nch  a 


renty  h 


10  4 

[  To  this  must  be  added  one  and  a  quarter  pint  of  rich 
gravy-soup,  three  wine-glasses  of  raw  spirits,  one 
tumbler  of  strong  grog,  and  one  gallon  one  pint  of 
water. 

Captain  Cochrane,  in  his  Journey  through  Russia 
Siberian  Tartary,  relates  that  the  Admiral 
ritcheff  was  informed  that  one  of  the  Yakuti  ate  in 
T-and-twenty  hours  the  hind-quarter  of  a  large  ox, 
y  pounds  of  fat,  and  a  proportionate  quantity  of 
tidted  butt«r  for  bis  drink.  To  test  the  truth  of  this 
tatement,  the  admiral  gave  him  a  thick  porridge  of 
e  boiled  down  with  three  pounds  of  butter,  weighing 
jether  twenty-eight  pounds  ;  and  although  the  glut- 
a  bad  already  breakfasted,  he  sat  down  to  it  with 


great  eageroeas,  and  consiimed  the  whole  without  stir- 
ring  from  the  spot  Captain  Cochrane  also  states  that 
he  haa  seen  three  Yakutia  devour  a  reindeer  at  a  meal ; 
and  a  calf  weighing  about  two  hundred  pounds  is  not 
too  much  for  a  meal  of  five  of  these  gluttons.* 

These  facts  are  curious,  but  of  course  they  throw  no 
light  on  the  question,  how  much  food  an  individual 
requirea  to  keep  himself  alive  and  active.  Nor,  indeed, 
has  any  method  yet  been  devised  which  could  eluci- 
date that  point.  We  can  never  fee!  confident  that  the 
quantity  taken  is  not  somewhat  more,  or  somewhat 
leas,  than  would  really  \>e  advantageous.  K  a  man 
is  active  on  six  pounds  daily,  he  might  be  perhaps 
stronger  on  sis  and  a  half;  and  if  six  and  a  half 
should  prove  the  precise  amount  which  kept  his  weight 
unaltered,  it  would  only  do  so  under  precisely  similar 
conditions ;  and  we  know  that  on  different  days  he 
will  waste  different  quantitiea  of  tissue. 

Some  caterpiUara  daily  eat  double  their  weight  in 
food  ;  a  cow  eats  46  lb.  daily  ;  and  a  mouse  eats  eight 
timea  as  much,  in  proportion  to  its  own  weight,  as  la 
eaten  by  a  man.  Eat  when  such  facts  are  dted,  we 
must  bear  in  mind  the  enormous  differences  in  the  , 
nature  of  the  foods  thua  weighed,  their  relative  amounts 
of  water  and  indigestible  material  The  same  caution 
is  requisite  in  speaking  of  man's  diet.  It  has  been 
variously  computed,  Sanctorius  estimated  it  at  8  lb.. 
Eye  at  5  lb.  and  7  lb,.  Home  at  i  lb.  3  oa,  and 
Valentin  in  his  own  person  at  6  lb, 

•   pKHEIRi  1   On  DUl,  pp.  16,  Vi. 


THB  BA-tlOlSB  OF  SOLDISSS  AND  FA1 

Such  estimates  were  too  contradictory  to  afford  any 
due.  The  chemists  bethought  them  of  securing  the 
requisite  precision  by  taJdag  the  amount  of  carbonic 
acid  expelled  during  the  twenty-four  Lours  as  the 
standard  of  the  amount  of  carbon  necessary,  and  the 
amount  of  urea  expelled  in  the  same  period,  as  the 
standard  of  nitrogen  necessary.  Tables  were  then 
drawn  np  setting  forth  the  separate  items  of  food 
requisite  to  supply  this  waste.  But,  apart  from  the 
profound  distrust  with  which  such  chemical  reasonings 
should  be  regarded,  there  is  this  separate  source  of  dis- 
trust, that  each  man  necessarily  wastes  different  quan- 
tities of  tissue  under  different  conditions  :  if,  therefore, 
our  analysis  of  food  correctly  represented  the  amounts 
of  carbon  and  nitrogen  assinulated  (which  it  does  not), 
we  should  still  have  to  construct  a  special  table  for 
each  individual  at  each  season  of  the  year,  and  under 
varying  conditions. 

The  question  is  really  one  of  importance,  when  we 
have  to  apportion  the  rations  of  paupers,  prisoners, 
soldiers,  and  sailors.  Here  we  are  forced  to  strike  an 
average,  although  we  know  that  on  any  average  one 
man  wiil  necessarily  have  more,  and  another  less,  than 
is  absolutely  requisite ;  but  the  impossibility  of  arrang- 
ing matters  otherwise,  unless  food  be  so  abundant  that 
it  may  be  left  to  the  discretion  of  each  to  eat  whatever 
amount  he  pleases,  forces  the  adoption  of  some  standard 
which  experience  rectifies  on  the  whole.  Dr  Pereira 
has  famished  several  dietaries  adopted  for  luasses  of 
men,  and  from  these  the  following  is  taken 


The  scale  of  diet  in  the  Royal  Navy  is  thus  given  in  1 
the  Regulations  :- 

"  There  shall  be  allowed  to  every  person  the  follow-  I 
ing  quantities  of  provisions  : — 

lib. 
1  gallon. 
Cocoa, 
Sugar, 
Fresh  meat. 
Vegetables, 
Tea, 

"  When  fresh  meat  and  vegetables  are  not  issued, 
there  shall  be  allowed  in  heu  thereof- 


Salt  beef,   fib.  ^ 


Flour, 


21b.^ 


Iter-    C 
ately  \ 


Salt  pork,  J  lb. 
Pease,  |  pint 


"And  weekly,  whether  fresh  or  salt  meat  be  iasned — 

Oatmeal, ^  pint 

Vinegar ^  pint," 

The  daily  allowance  to  the  common  soldier  in  Great  I 
Britain  is  1  lb.  of  bread  and  ^  lb.  of  meat,  making  I 
together  196  oz.  of  solid  food  weekly ;  for  this  he  pays  I 
a  fised  sum,  namely,  6d.  daily,  whatever  may  be  the  I 
market  price.  He  furnishes  himself  with  other  provi- 
sions. 

As  to  the  quantity  each  man  should  eat  when  nnre-  J 
stricted,  it  is  to  be  determined  by  himself  alone.  We  I 
are  notoriously  apt  to  eat  too  much,  and  consequently  I 
waste  much  food,  even  when  we  do  not  injure  ourselves.  J 
Our  sensations  are  the  surest  guides,  yet  they  do  notfl 


always  tell  ua  with  sofficient  distinctness  when  we  have 
had  enough  :  one  thing  is  very  clear,  that  to  force  the 
appetite — to  continue  eating  after  the  stomach  has 
once  sn^ested  "  enough" — is  sure  to  be  injurious. 
Hospitable  hosts,  no  less  thao  anxious  parents,  should 
refrain  from  pressing  food  on  a  reluctant  appetite ; 
it  is  not  kindness,  although  kindly  meant 

In  closing  here  our  survey,  we  must  confess  that  it 
has  exhibited  few  reliable  scientific  data.  Indeed,  to 
some  readers  it  may  have  seemed  that  our  efforts  have 
been  mainly  revolutionary,  shaiing  foimdations  which 
promised  security,  and  disturbing  the  equanimity  of 
scientific  speculation.  It  is  a  fact  that  Physiology  is 
at  present  in  too  incomplete  a  condition  to  answer  the 
chief  questions  raised  respecting  Food  ;  and  this  fact 
it  was  desirable  to  bring  into  the  clear  light  of  evi- 
dence ;  for  on  all  accounts  it  is  infinitely  better  that 
we  should  understand  our  ignorance,  than  that  we 
should  continue  believing  in  hypotheses  which  enlighten 
none  of  the  obscurities  gathering  round  the  question. 
It  is  in  vain  that  we  impatiently  turn  our  eyes  away  ; 
the  darkness  never  disappears  merely  because  we  cease 
to  look  at  it 


CHAPTER    III. 


DIGESTION  AHD  INDIGESTION. 


HappiitQia  aod  miacr;  cotineoted  mtb  the   Digestion — In  irhat  i 
Bdonce  distdnguielisd  from  o  rdioary  knowledge  I— Tba  mecliBnicBl  I 
Mid  chemical  prooesoos  of   Digeation ;    tho  formor   only  aiixta   in  1 
the  simplest  nnimaU — What   takes  place  in  tho   mouth— Chemical  I 
action  of  tho  saliva — Itx  meahBiiical  action — "Bolting"  the  food —  I 
Meahanidalactioiiof  thestomach — The  gastric  juice  :  itscompoution  I 
and  origin— Pepsin  and  add— Action  of  gitstric  juice  on  rs 
Biitatimoea — It  arraats  putre&ctjon — Lesson  Bgamst  over-eaUng —   I 
Influence  of  Jata  in  DigaBtion — Inflnence  of  saliva  in  increafling  thi 
gastrio  juico— Quantity  of  gaatrio  juice— CbjTnificntion  equivalent  I. 
boiling-— Why  the  gastric  juice  does  not  act  upon  the  stomach  itsel 
— Intastinal  Digsstion— Tho  bilo  :  quantit;  and  compositJoQ  cf ;  iioo    I 
affaotad  by  fela— What  is  meant  bj  bilioOBHOss !— The  part  ployed  I 
by  bile— It  neutralisos  the  action  of  gaetric  juice,  and  assists  t 
abeorpUoQof  fat — The  pancniatio  juice  acta  on  ail  substances — Tho  \ 
intestinal  juice  completes  Digestion — Nature  of  chyle^Tho  va 
Cau£i«  of  ladigeatioQ. 

"  Let  good  Digestion  wait  on  appetite."  Much  of 
happiness  depends  on  health,  and  health  cannot  continue  I 
without  digestion.  Riches,andhonours,and  the  applause  I 
of  crowds,  are  but  poor  compenaations  for  the  loss  of  I 
that  perpetual  spring  of  pleasure  which  arises  from  the  I 
harmonious  activity  of  ail  the  functions  ;  and  the  most  J 
prosperous  of  men  must  envy  children  and  animals  I 
.their  prospeiity  of  digestion.     The  misery  of  mankind,  I 


springing  from  many  caiises,  ia  mtenaified  by  Indi- 
geation,  which  lessens  the  fortitude  to  endure  calami- 
ties, and  increases  the  tendency  to  indnlge  in  painful 
forebodings.  Sorrow,  come  irhence  it  may,  is  mem 
lightly  borne,  and  is  briefer  in  its  TisitotioDs,  wbea 
the  health  is  vigorous ;  and  it  cannot  be  rigwons 
without  good  Digestion.  To  those  whose  tronbled 
secretions  predispose  them  to  gloom  ^id  frethlness, 
small  evils  become  magnified  into  cakoitiea,  and  eviU 
anticipated  have  the  force  of  realities. 

The  marvels  of  Nature  are  an  inexhaustible  source  of 
reverence  to  the  reverential  mind,  and  among  these  not 
the  least  marvellons  is  the  admirable  complexity  of  the 
apparatus  on  which  Digestion  depends.  No  sooner  do 
we  become  acquainted  witli  this  complexity  than  our 
surprise  is,  not  that  many  of  us,  imprudent  and  reckless 
as  we  are,  should  suffer  from  derangements  of  that 
function ;  but  that  any  of  us  should  continue  to  perform 
it  with  success  seven  days  together.  The  more  we 
contemplate  this  mechanism,  the  more  wondrous  it 
appears.  The  more  we  study  the  process,  the  more 
intricate  its  problems  seem.  Formerly  the  process  was 
thought  to  be  very  simple ;  increase  of  knowledge 
brought  increase  of  doubt ;  and  now,  whoever  looks 
closely  into  the  results  of  modem  investigation  will  be 
stirprised  to  find  how  little  the  enormous  labours  in  all 
directions  have  added  to  our  positive  knowledge  Tlie 
conquests  of  science  have  consisted  in  esjdaining  cer- 
tain details  of  the  process,  and  in  analyaing  the  whole 
function  of  Digestion  into  separate  acts. 


DiaEsnoN  Aim  i 

And  here  we  may  pause  to  consider  in  what  seientifio 
explanation  peculiarly  consists,  namely,  in  the  discov- 
ery of  those  intermediate  facts,  not  obvious,  which  linV 
together  the  obvious  phenomena.     Thus  it  is  matter  of 
vulgar  observation  that  cattle  eat  grass,  and  that  this 
grass  returns,  in  the  shape  of  manitre,  to  effect  the 
.  growth  of  fresh  crops.      The  fanner,  in  knowing  this, 
may  be  said  to  know  as  much  as  the  jihilosopher  ;  but  i 
the  farmer  only  knows  the  facts  which   stand  oat,  1 
visible  to  all — the  obvious  arcs  in  the  great  orbit  of  ' 
life  ;  whereas  the  philosopher,  not  content  with  these, 
seeks  to  detect  the  hidden  facts — the  intermediate 
links  of  cause  and  effect,  which  constitute  the  chain. 
In  proportion   to   his    success   in   discovering  these 
intermediate  links,  and  their  order  of  succession,  ] 
approaches  a  scientific    explanation   of   the  vulgar 
observation.    This  scientific  explanation  has  two  great 
advantages :  it  ministers  to  the  intellectual  craving  for  ! 
knowledge,  a  craving  which  gives  man  Ms  eminence  j 
and  it  ministers  to  his  practical  aims,  increasing  his  I 
power  over  Nature  by  enabling  him  to  foresee  and  to 
modify  phenomena,  and  to  adapt  them  to  his  uses. 
If  he  learns  that  silica*  is  an  essential  constituent  of  1 
wheat,  and  that  silica  must  be  in  the  groimd  before 
it  can  enter  the  wheat,  he  learns  two  "intermediate 
facts  "  not  at  all  obvious,  which  enable  him  to  adapt 
circumstances  to  his  needs :  if  the  earth  be  deficient  i 
in  silica,  he  will  add  a  fresh  supply. 


is  tLfl  chief  iagrediDi 


of  Qint,  sandstoDO 


WHAT  tAKffl  rLkOB   IS  THI  KOnTH. 

It  is  the  same  with  Digeation.  Every  one  knows 
that  Food  of  various  kinds  is  taken  into  the  mouth, 
chewed,  and  swallowed ;  that  it  remains  some  time  in 
the  stomach,  where  it  undergoes  certain  changes ;  that 
it  then  passes  into  the  intestines,  and  separates  into 
two  portions,  one  of  which  nourishes  the  body,  while 
the  other  is  ejected  as  waste.  These  are  the  vulgar 
JactB.  But  we  cannot  rest  content  with  these  The 
intellect  craves  knowledge  more  precise,  and  practical 
wants  require  that  the  "  intermediate  facts  "  should  be 
discovered 

The  Function  of  Digestion. — The  purpose  of 
Digestion  is  to  make  Blood.  To  effect  this  there 
are  many  processes  which,  although  closely  connected 
with  Digestion,  are  not  really  implied  in  it :  such  are 
Chewing  the  food,  and  Absorption.  There  are  many 
animals  which  do  not  chew ;  there  are  many  which 
have  no  absorbent  vessels ;  yet  all  these  digest.  The 
function  of  Digestion  is  the  function  of  the  aliment- 
ary canal,  which  canal,  or  tube,  extends  from  the  mouth 
downwards  through  the  whole  trunk.  Digestion  pre- 
pares the  Food  for  its  entrance  into  the  Blood.  In 
those  animals  which  chew  their  food  we  perceive  that 
chewing  aids  in  this  preparation  of  the  Food,  and  we 
shall  therefore  include  it  in  our  analysis  of  the  process 
of  Digestion,  although,  strictly  speaking,  it  is  not  more 
digestive  than  cooking,  or  carving. 

In  Digestion  two  kinds  of  processes  concur :  the 
mechanicai,  such  as  trituration  and  maceration  (or 
rubbing,  and  reducing  to  a  pulp) ;   and  the   chemi- 


phenomena  which  take  place  in  the  mouth,  he  maintainE 
that  the  three  separate  liquids  which  issue  from  the 
three  separate  glands — the  parotid,  in  the  cheek,  the 
sublingual,  under  the  tongue,  and  the  svhmaxillary, 
in  the  lower  jaw  (see  p.  230,  Fig.  7,  p,  q,  and  g)~ 
have  distinct  offices  :— 

1.  The  office  of  the  parotid  aecretioa  is  to  assist  1 
chewing. 

2.  The  office  of  the  sublingual  secretion  is  to  assist 
swallowing. 

3.  The  office  of  the  submaxillaiy  secretion  ia  to  assist 
taste. 

A  mixture  of  these  three  secretions  with  that  from 
the  mucous  membrane  of  the  mouth,  constitutes  Saliva; 
and  it  is  this  Saliva  which  alone  exerts  the  s 
chemical  aotion  that  ever  does  take  place  ;  or,  in  other 
words,  it  is  only  the  mucous  secretion  which  can  act 
cheioically  on  starchy  substances,  the  other  three  secre- 
tions separately,  or  mingled,  being  altogether  without  i 
such  chemical  action.  It  is  on  this  that  Bernard  fouuda 
his  assertion  that  the  Saliva  has  no  part  to  play  in  j 
the  chemical  processes  of  Digestion — an  error  in  logic, 
I  conceive  ;  but  let  us  see  the  results  of  experiment 

The  first  person  who  distinctly  detected  the  chemi- 
cal action  of  Saliva  was  Leucha.*  He  found  that  in  a 
few  hours  it  converted  a  mass  of  cooked  starch  into 
sugar.  This  was  subsec[uently  confirmed  by  Schwann, 
in  a  celebrated  paper,t  wherein  he  argued  that  inasmuch 

'  BCBBAOK :  Traitt  dt  Phsiiologit,  ii.  288. 
+  MiJLLHt'B  ATchiv,  1838,  quoted  by  Bdbdacb. 


8AUVA  CHAXGES   8TABCB    ISTO   SUGAR.  IWH 

as  the  gastric  joiee  was  mcoiopeteDt  to  effect  any  change 
whatever  in  starch,  the  sngar  fonnd  in  the  stomach  of 
animals  who  have  bad  none  given  in  their  food, 
necessarily  came  £rom  the  action  of  the  Saliva  on 
starch. 

It  shoold  be  remarked  that  these  ohservations  have 
not  the  cogency  they  were  generally  supposed  to  Have, 
for  nothing  is  better  establialied  than  that  many  animal 
substances  have  the  power  of  transforming  starch  into 
sngar ;  indeed,  the  aiterability  of  cooked  starch  is  so 
great,  that  ahnost  any  inSaence  suffices  to  change  it 
into  dextrine  (a  substance  having  the  same  elementary 
composition,  but  different  properties),  and  the  dertrine 
into  glycQse  (starch-sugar). 

The  researches  of  Mialhe*  gave  a  new  aspect  to  the 
question.  He  established  the  important  fact  that 
starch  paste  was  changed  isto  sugar  in  lest  than  a 
minute  in  the  month  ;  as  the  swe^t  tast«  sufficiently 
indicated.  It  is  this  rapidity  of  action  which  di»- 
tingnishes  the  Saliva  from  other  organic  enhstances 
(except  the  pancreatic  juice),  and  which  therefore 
confirms  the  position  of  Lenchs  and  Schwann.  The 
same  resnlt  is  obtained  out  of  the  organism.  Mix  a 
little  starch  paste  with  Saliva,  and  it  will  very  rapidly 
be  converted  into  sugar.  Mialhe  conceived  the  idea 
tliat  this  action  wf»  due  to  a  particular  organic  agent, 
similar  to  that  known  as  the  diastase  of  vegetables — 
an  idea  too  planeible  not  to  find  ready  acceptance ;  it 

*Mui.fiK:  Jifimoirs  nr  ta  Xtiffotuin  ei  FAMiimifatioit  du  Sultiaiteei 
amylacltt  tl  ncrtct,  V 


is,  however,  now  given  up  by  the  best  authorities,  and 
Bernard  has  shown  that  fibrine  and  gluten,  in  a  state 
of  decompositioD,  bnt  befwe  putrefaction  haa  set  in, 
acquire  thia  very  property  of  converting  starch  into 
sugar — whereupon  he  concludes  that  what  is  called 
vegetable  diastase  is  really  nothing  but  the  spoHtane- 
oua  decomposition  of  the  glaten.* 

That  a  chemical  action  t^kes  place  in  the  mouth, 
during  the  ordinary  process  of  eating,  is  very  easily 
shown.  Let  the  reader  take  a  piece  of  ordinary  bread,  , 
and  he  will  perceive  that  when  it  is  first  introduced 
into  the  mouth  no  trace  of  sweetness  is  discernible  for 
a  few  seconds ;  but  as  it  rolls  over  the  tongue,  and  the 
saliva  mixes  with  it,  a  gradually  increasing  sweetness 
ia  discernible ;  in  from  30  to  45  seconds  a  decided 
transformation  into  sugar  has  taten  place.  Moreover, 
he  will  find  that  those  portions  of  the  bread  which  have 
got  fixed  between  his  teeth,  and  liave  thus  been  retained 
longer  under  the  influence  of  the  Saliva,  are  noticeably 
sweeter  than  bread  is  want  to  be. 

The  fact  that  Saliva  does  convert  starchy  substances 
into  sugar  is  tlius  placed  beyond  dispute.  The  researches 
of  Dondera,  Jacubo witch.  Bidder,  and  Schmidt,-f-  more- 
over, show  that  if  the  Saliva  be  prevented  from  enter- 
ing the  stomach,  and  starch  paste  be  introduced  into 
the  stomach  through  an  opening,  no  sugar  ia  formed. 
Their  conclusion  is  this :    Although  many  organic 


*  BRnNAKD  :  Lefoiu,  ii.  161. 

t  Do.voBlia:  Pki/iiologie,  i.  192.  BlDnsn  sjid  BcaMUT :  Di 
VirdauiLPsuajU  imd  der  Sli^fftechtd,  p.  IE,  tiq.  This  latMr  irork  U  tlie 
inuat  elaborate  atec  published  on  the  digeaUre  fluids,  imd  wIH  be 
lar^lf  laid  uodor  contribution  in  our  pages. 
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anbsUDces  oODTCrt  etsrcb  into  Eogar,  none  do  so  villi 
tbe  rapidity  of  the  salirs  and  tJie  pancreatii!  juice. 

Stare})  iteelf  is  not  assitnilabla    It  must  be  changed 
into  dextrine  and  sugar  1>efore  it  can  pass  through  ani- 
mal membranes,  and  enter  the  Blood.     Now,  inasmuch 
■3  the  starchy  substances  form  an  important  class  of 
oar  aliments  (see  Food  asd  Deisk),  the  cbemical  in- 
tervention of  Saliva  in  the  digestive  process  is  apparent. 
We  have  thus  arrived  at  a  very  different  conclusion 
from  that  of  Schnltz,  who  attributes  to  the  Saliva  the 
I  whole  of  the  chemical  transformations  in  Digestion  ; 
I  and  from  that  of  Bernard,  who  denies  that  any  cbemi- 
[  cal  transformations  are  effected  by  it.    The  truth  is, 
I  that  mo  albuminous  substance  is  transformed  by  the 
Saliva,  and  that  ail  starchy  substances  arc  attacked  by  it. 
Nevertheless  we  must  not  exaggerate  this  influence. 
It  is  only  a  small  portion  of  the  starch  which  is  nor- 
mally acted  on  by  the  sahva,  either  in  the  mouth  or  in 
the  stomach  ;  the  greater  portion  is  transformed  in  the 
intestines  by  the  action  of  the  pancreatic  jiuco  and 
intestinal  juice.     In  consequence  of  tliia,  the  action  of 
the  salivary  glands  may  altogether  be  dispensed  with, 
When  they  are  cut  out,  or  when  their  secretion  is 
prevented  from  flowing  into   the  mouth,  the  animal 
seems   to   suffer  no  material   inconvenience.*      And 
Bidder  and  Schmidt  have  made  the  curious  discovery 
that  in  young  animals,  during  the  period  of  snckUng, 
the  salivary  glands  have  no  secretion  wiiatever.-f 
Having  vindicated  the  chemical  charactor  of  this 
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secretion,  we  must  now  remark  tliat  its  mechanical 
character  is  the   most  important.     The    amount  of  I 
transformation  is  insignificant ;   but  the  amount  of  1 
maceration  which  the  food  receives  in  the  mouth,  by  | 
the  combined  action  of  the  teeth  and  saliva,  is  veiy 
important,  as  a  preliminary  towards  the  indispensable 
solution,  which  all  food  must  undergo. 

"  It  is  much  easier  tfl  supply  the  place  of  chewing  by 
mechanical  preparation  in  animal  food  than  in  vege- 
tabla    We  can  grind  things  small,  but  we  cannot  make   ^ 
artificial  saliva.      Kitchen  science   may  prepare   the  j 
former  for  the  stomach,  but  not  the  latter.     Indeed, 
the  cooking  of  starchy  fooda  for  weak  stomachs  often   | 
makes  them  more  indigestible,  by  reducing  them  from 
a  solid  to  a  fluid  form,  and  thus  enabling  them  to  be 
swallowed  without  that  manipulation  in   the  mouth 
which  elicits  a  flow  of  its  secretions.     The  best  form  in  | 
which  starch  can  be  taken  is  one  in  which  the  envel- 
ope of  the  granule  has  been  raptured  by  heat,  and  the 
whole  mass  made  light  so  as  to  be  capable,  hy  masti- 
cation, of  being  broken  up  and  fermented  equally  by 
fluids,  but  not  capable  of  skipping  over  the  salivaiy 
admixture,  and  being  swallowed  without  mastication,   i 
Such  are  good  stale  bTea.d,  mealy,  well-boiled  potatoes, 
thoroughly  cooked  cabbages  :  such  are  not  new  rolls, 
waxy  potatoes,  &c.,  which  mastication  merely  makes 
into  small  solid  tough  lumps ;  or  gruel  and  sago,  and  I 
other  slops,  which  qnnoy  the  dyspeptic,  though  so  often  1 
forced  upon  him  by  his  female  friends."  • 

*  Cbaubehs's  Digalioa  and  fls  Diraiigtminli,  p.  331. 


n<ar  or  tbb  stoiuch. 

There  are  animals  that  bolt  their  food.  There  are 
human  beings  who  imitate  these  animals ;  bat  it  is  to 
be  hoped  that  they  Lave  potent  stomachs,  since  they 
thus  throw  upon  that  organ  an  amount  of  extra  labour, 
which  would  better  have  been  executed  by  the  mouth. 
The  food  must  be  rubbed  and  macerated  somewhere. 
If  the  mouth  does  not  begin  tliis  process,  the  stomach 
must  do  it  all 


n.  SlOMACmvL  Digestion. — The  food  reaches  the 
stomach  in  a  state  approaching  that  of  pulp,  and  with 
a  slight  chemical  change  in  its  starcliy  elements. 
Formerly  it  was  thought  that  the  stomach  did  all 
Digestion  waa  thought  to  be  the  function  of  the 
stomach,  and  of  it  alone.  But  recent  researches  have 
profoundly  modified  this  conception ;  they  have  cir- 
cumscribed the  action  of  the  stomach  to  that  of  a  still 
further  preparatory  process,  the  completion  of  which 
must  be  sought  in  the  intestines. 

Our  knowledge  of  the  stomachal  process  haa  been 
rendered  more  accurate  and  extensive,  owing  to  a  for- 
tunate accident  which  befell  the  Canadian  known  all 
over  Europe  as  Dr  Beaumont's  patient.  This  man, 
Alexis  Sfc  Martin  by  name,  had  a  large  hole  in  his 
stomach  caused  by  the  discharge  of  a  gun.  He  re- 
covered perfect  health,  the  wound  bealetl,  but  the  open- 
ing remained,  and  this  opening  was  used  by  Dr  Beau- 
mont for  observation  and  experiment.  He  has  recorded 
the  results  in  a  well-known  work*    Since  then,  another 

•  BliUMONT :  ExptriinaiU  and  Observatiamon  IM  Qaiiric  Juke ;  183a 
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case  has  fallen  into  scientific  hands.    Dr  Schroeder  andf 
Dr  Griiuewaldt,  at  different  periods,  experimented  on  a 
Esthonian  woman,  with  what  results  we  shall  hereaftol 
learn.*    And  quite  recently  Alexia  St  Martin  has  a 
become  the  subject  of  experiment  in  the  hands  of  I 
Francis  Smith  of  Philadelphia-f     The  value  of  thesti 
cases  cannot  be  over-estimated ;  and  the  results  hava 
been  compared  with  observations  on  aninsB 
Blondlot  conceived  the  happy  idea  of  establishing  a 
artificial  fiBtula  in  dogs,  through  which  gastric  juicsl 
might  be  obtained  when  wanted,  and  substances  intro 
duced  into  the  stomach,  or  removed  from  it  directly. 

1.  The  mechanical  action  of  the  stomach.^— \£  v 
examine  the  stomach  of  a  fasting  animal  we  find  itil 
lining  walls  are  pale  and  flabby,  lying  close  togetherj 
and  only  separated  from  each  other  by  a  layer  of  mncui 
and  saliva. 

It  was  this  appearance  which  suggested  the  idea  thaS.B 
the  sensation  of  HtrsGEE  was  due  to  the  rubbing  of  thel 
coats  of  the  stomach ;  a.n  idea  which  we  saw  in  the  first  J 
chapter  to  be  altogether  erroneous. 

The  arrival  of  the  food  changes  this  condition.   Thsl 
contractions  of  the  wsophaguB  or  gullet  (see  p.  230, 1 
Fig  7,  cb),  force  the  food  into  the  stomach  (E),  which 
distends  its  walls.     This  distension  goes  on  increasing 

•  SOHBOEDEB:  iSiiwi  joiinct  ffamuBi  vii  dlsativa,  1SS3.  Gbdnb- 
WALDi:  Oiiq.  di  ttKCO  satlrico  ffumano  optfiitida  itomadmiit iudSr 
gata,  1S63.    I  knoir  then  works  anly  at  leoand  hotid. 

+  Hie  momoir,  originally  publiabed  in  the  Philidtlphia  Mtdiral 
Exantiaer,  has  been  trBiielatt3d  In  Browh  SEqOAED'S  Journat  de  ta 
Fki/iiologie,  i.  Hi. 
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and  iQcreasmg  as  fast  as  fresh  sapplies  arrive.  Gradu- 
ally the  distension  becomes  more  aad  more  difficnlt, 
and  this  creates  a  sense  of  fulness,  which  warns  us  to 
desist  &om  eating.  The  blood-vessels  of  the  stomach 
have  now  become  swollen ;  the  secretions  are  pouring 
in  actively :  the  whole  condition  of  the  stomach  is 
changed,  and  its  muscular  activity  is  roused. 

This  muscular  activity  is  important,  being  to  sto- 
machal digestion  what  the  action  of  the  teeth  is  in 
the  preparation  which  takes  place  in  the  mouth.  The 
lining  of  the  stomach  is  a  mucous  membrane — a  con- 
tinuation, indeed,  of  that  which  lines  the  mouth,  but 
differing  from  it  in  the  peculiar  glands  which  charac- 
terise Bome  regions  of  it.  Under  this  mucous  mem- 
brane lies  a  muscular  coat ;  tlis  muscular  coat  gives, 
by  the  alternate  eontraetion  and  relaxation  of  its  fibres, 
a  rataiory  movement  to  the  food.  According  to  Dr 
Beaumont's  graphic  espression,  the  food  is  chwaed  in 
the  stomach,  carried  round  ajid  round  from  right  to 
left  around  the  large  end,  and  from  left  to  right  along 
the  large  bend,  returning  along  tlie  small  bend"  In 
this  churning  movement  the  food  is  not  only  welt 
"  groimd,"  but  is  more  and  more  mixed  with  the  gas- 
tric juice.  The  process  may  be  compared  to  the  rolling 
about  of  the  food  in  the  moutli  by  the  tongue. 

Blondtot  maintains  that  this  trituration  and  macera- 

*  This  rataUoD  bas  boeQ  daniaii  hj  Betz,  nbo  Bnjs  tho  dispoeition  of 
muBOiilar  flbroa  in  tho  stomauh  is  ngainst  it. — CaKSTatT,  JaiTaberieM, 
18C3,  p.  147.     But  it  BCam*  diScult  -to  admit  tbnt  BoaumDnt  could 


tion  constitute  the  whole  of  stomachal  digestion  :  the 
food   is    rendered    liquid  without    being  chemioally  I 
altered.      I  have  shown  this  to   be  the  case  in  the 
digestive  process  of  the  Actinim ;  but  in  all  the  higher 
animals  there  is  ample  evidence  of  a  positive  chemical  ' 
change  taHng  place.     Aad  this  we  shoil  now  consider. 

2.    The   chemical  action  of  the  stomach.  —  Before 
E&uniur  instituted  his  experiments,  it  was  held  that 
the  stomach  merely  ground  the  food  to  a  pulp,  by  the 
action  of  tntwraiion  or  rubbing.     He  tested  this  opin- 
ion in  a  very  ingenious  way,  considering  that  the  back- 
ward state  of  chemistry  could  furnish  him  with  none 
of  the  means  now  at  our  disposal.     He  filled  hollow 
silver  balls  with  meat,  and  perforating  them  in  several 
places,  caused  a  dog  to  swallow  them.     After  they  had 
remained  some  time  in  the  stomach,  he  withdrew  them 
by  means  of  a  thread.     If,  he  argued,  the  digestive  I 
process  were  merely  mechanical,  the  meat,  protected  j 
by  the  silver  covering,  would  not  be  altered  ;  i^  how- 
ever, the  process  were  chemical,  the  solvent  fluid  would  I 
have  penetrated  through  the  holes  and  acted  on  the  I 
meat ;  and  so  indeed  it  proved — the  meat  was  entirely  j 
chymijied ;  that  is,  made  into  a  pulp. 

After  this  the  gastric  juice  iteeif  was  obtained,  and  | 
E&umuT  and  Spallanzajii  commenced  that  long  series 
of  experiments  on  artificial  digestion  which  is  not  yet 
nearly  concluded. 

The  stomach  is  lined  by  a  mucous  membrane.     If  | 
we  examine  this  membrane  onder  the  microscope,  i 
find   it   crowded  with   minute  finger-shaped   tubea.  j 


GASTRIC  JDIC-K 


305 


ibese  are  the  i/asiric  follides,  or  secreting  glands,  from 
iR'IiicIi  the  ga,stric  juice  is  poured  into  the  cavity  of  the 
tomach,    directly   the    mem-  Fig.  t. 

rane  is  irritated  by  the  pre- 
Ksence  of  food  (or  indeed  of  any 
■Other  substance). 

Thirty-one  pounds  daily  are 
said  to  be  secreted  &om  these 
glands  in  a  healthy  adult ! 
Besides  this  gastric  juice  which 
lews  on  the  entrance  of  food 
Into  the  stomach,  there  is  also 
^tresent  a  secretion  of  mucus 
the  membrane,  and  the 
I  saliva,  which  is  constimtly 
I  being  Bwallowed. 

It   would   lead  us  too  far,  ^"""';^*^^'^  °'d?"^'° 

[  and  into  questions  of  too  tech-     fj^  ^'^0"*'^  o /M^hi'dJJ' 

nical  an  interest,  to  examine  A.TSfiicte  from  the  middi.Dfibi 

the    cbsputes     which    gather     »•»  ms  ibiMiim ;  a  a,  uh 

'  ^  OiKDlngi  Itarougli  whlOi  tbe  julM 

round  the  questions  —  What  '"'"  j"'"  I''tth™u'iii  * 
constitutes  the  gastric  juice?  p)"r'i^"^'u^ri'w[iii'','„'[Ihfr 
and,  What  is  its  origin  f  For  "^"1!:!™"'*^"*""''°" 
us  it  is  enough  to  know  that  the  gastric  juice  is  an 
acid  secretion,  containing  in  all  probability  hydrochlo- 
ric and  lactic  acids,  containing  also  a  peculiar  organic 
substance  named  pepsin.*    The  acids  and  the  pepsin 

■  Tbs  student  may  consult;  the  great  vork  of  BiDDEB  and  Scbhidt, 
Sii  Virdaviinj/allfii ;  LehuaRn'b  end  Mou>EB*s  Treatises  on  Organia 
Chemistiy;   DoMiEHa :  Pk^iologit;  Cbaubbbs:  Digatiat  and  itt 


act  chemically  upon  meats — that  is,  upon  all  album 
oua  and  gelatinous  substances — converting  them  i 
'pefptones.  These  peptones  have  all  certain  proper 
in  conunon,  no  matter  bow  various  the  substances  £ 
wbicb  they  are  derived  ;  and  it  is  owing  to  tl 
perties,  not  possessed  by  the  substances  from  whi 
they  are  formed,  that  they  are  capable  of  being  a 
and  asdinilaUd. 

Neither  the  acid,  nor  the  pepsin,  exerts  more  thaj 
slight  chemical  influence  on  two  gi'eat  classes  of  i 
mentary  Principles,  the  Sugars  and  the  Fats, 
sugar  is  changed  into  grape-sugar,  owing,  Dr  ] 
bebeves,  to  the  presence  of  a  free  acid  ;  and  fatty  a 
are  sometimes  developed  from  the  fats.  We  ] 
therefore  set  aside,  for  the  moment,  all  starch,  sagf 
fats,  and  oils,  which  form  so  large  a  proportion  of  o 
food,  and  fix  our  attention  exclusively  on  the  album 
ous  substances.  It  is  these  which  mainly  undeij^ 
chemical  change  in  the  stomach-  And  we  shall  fl 
that  even  these  are  not  greatly  changed ;  so  that  t 
popular  idea  of  the  stomach  being  the  chief  organ  a 
Digestion  will  have  to  be  considerably  modified. 

During  the  cAwT^in^r  motion  just  described,  the  fod 
is  gradually  mixed  up  with  the  fluids  of  the  stomal 
In  consequence  of  this  complete  saturation  it  ia  | 
duced  to  a  pulpy  mass — the  Chyme;  and  as  it  becom 
more  and  more  churned — more  and  more  of  semi-li 

BercmgeneiUi :  LoNQKT  :  Ph^Mogii ; 'SLOSVUrfa  Traili  di  la  B 
lion,  and  hU  Memoirs  in  BftOWIf  SiiJDiHD's  Jaamid  ;  and  BermaJ 
LifOAi  da  Phgi.  ISiplrmttttale,  ii. 


■WnAT   IS   THE   CHyUE  ? 


—it  passes  into  the  smaJl  intestines,  there 
to  undergo  fresh  changes.     If  -we  examine  this  pnlpy 
a  of  Chyme  just  as  it  quits  the  etoniach,  we  shall 
find  that,  however  altered  to  the  eye,  its  alterations  have 

I  been  for  the  most  part  physical,  and  but  slightly  chemi- 
cal That  is  to  say,  the  Jiesh  has  become  macerated,  the 
muscU-fibrea  have  became  dissociated  and  broken  into 
fragments,  and  the  cellular  tissue  is  dissolved ;  but 
many  of  these  m,usch-fihres  retain  their  primitive 
structure ;  the/ai  is  liquefied,  but  not  often  otherwise 
altered — not  even  emulsified  ■    and  the  gelatine  has 
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act  chemically  upon  meats — that  is,  upoa  all  album 
OTIS  and  gelatinous  substances — converting  theni  i 
peptones.  These  peptones  have  all  certain  propertl 
in  common,  no  matter  how  various  the  substances  fi 
which  they  arc  derived  ;  and  it  is  owing  to  these  ] 
perties,  not  possessed  by  the  substances  from  whi 
they  are  formed,  that  they  are  capable  of  being  absorb 
and  assimilaled. 

Neither  the  acid,  nor  the  pepsin,  exerta  more  thai 
slight  chemical  influence  on  two  great  classes  of  A 
mentary  Principles,  the  Sugars  and  the  Fats.  Cart 
sugar  is  changed  into  grape-sugar,  owing,  Dr  JLaxii 
believes,  to  the  presence  of  a  free  acid  :  and  fatty  ai 
are  sometimes  developed  from  the  fats.  We  i 
therefore  set  aside,  for  the  moment,  all  starch,  sngaj 
fats,  and  oils,  which  form  ao  large  a  proportion  of  a 
food,  and  fix  our  attention  exclusively  on  the  albumis 
ous  substances.  It  is  these  which  mainly  under 
chemical  change  in  the  stomach.  And  we  shall  fi 
that  even  these  are  not  greatly  changed  ;  so  that  t 
popular  idea  of  the  stomach  being  the  chief  organ  i 
Digestion  will  have  to  be  considerably  modified. 

During  the  churning  motion  just  described,  the  fa 
is  gradually  mixed  up  with  the  fluids  of  the  stoma* 
In  consequence  of  this  complete  saturation  it  is  i 
dueed  to  a  pulpy  mass — the  Chyme;  and  as  it  becom 
more  and  more  churned — more  and  more  of  semi-li(in; 

Dermgemtnli ;   LONOET;  Phytmlogie ;  Bl.oNDLOT'a  TraUt  dtla  Di 
IHM,  and  hU  Homoire  in  BteowM  SEqniBD'a  Joumal :  anil  BKBSi: 
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' '  eonsiBtence — It  passes  into  the  small  intestines,  there 
to  undergo  freah  changes.  If  we  examine  this  pulpy 
mass  of  Chyme  just  as  it  quits  the  stomach,  we  shall 
find  that,  however  altered  to  the  eye,  its  alterations  have 
been  for  the  most  part  physical,  and  but  slightly  chemi- 
cal That  18  to  ay  the  Jiee}  has  become  macerated,  the 
m  scl  fib  es  have  become  diasoc  ated  and  broken  nto 
fragments  and  the  cellular  t  saue  di  solved  but 
many  of  thee  ■muscle  Jih  es  re  an  their  pnratve 
structure  the/o(  s  bqu  fied  b  t  not  often  otherwise 
altered — not  even  emulsified  anl  the  gelat  e  has 
become  hquid  pep  one 


This   is  what  the  microscope  reveals,   and  this  i 
oasuredly  not  a  digested  mass. 

BloDdlot,  indeed,  declares  that  the  Chymification  i 
have  been  describing  is  the  sole  digestive  process ; 
Chymification,  according  to  hini,  is  nothing  but  rendea 
irg  the  food  soluble.  Bernard  takes  a  different  view* 
Chymification  he  regards  as  only  one  part  of  th| 
digestive  process,  and  that  exclusively  coufined  to  t 
albuminous  and  gelatinous  substances,  on  which  i 
action  is  precisely  analogous  to  that  of  boiling 

If  we  attend  c!ose!y  to  what  goes  on  in  the  stoma< 
as  reported  by  all  the  most  trustworthy  observers,  i 
cannot,  I  think,  come  to  any  other  conclusion  i 
this  ;  Chymification  ia  mainly  a  physical  process,  t 
is  also  partly  chemical ;  it  liquefies  and  minute 
divides  one  portion  of  the  food,  and  it  chemica 
transforms  the  other. 

Against  the  purely  physical  hypothesis  there  ia  o 
argmnent  which  seems  to  me  overwhelming :  Liqoifl 
albumen  is  very  slightly  absorbable,  and  not  at  t 
assimilable ;  but  when  acted  on  in  the  stomach,   : 
becomes  readily  absorbable  and  assimilable.     It  seem 
moreover,  certain,  that  albumen  is  absorbed  in  £ 
quantities  from  the  stomach.     The  fact  that  the  greata 
part  of  this  substance  passes  undigested  into  the  i 
testine,   ia  no  argument  against  the  action  of 
stomach.     The  mouth  begins,  but  does  not  completl 
the  conversion  of  starchy  substances ;    the  stomac 
begins,   but  does  not    complete,   the   conversion 
albumen. 


f   OA&TRIO   JDICE   ON  ALBUMEN. 


■  Albumen,  on  entering  the  stomach,  is  coagnlated, 

B      and  rendered  insoluble  in  water.     It  must  of  course  be 

again  made  soluble.    This  ia  effected  by  the  gastric  juice, 

which  converts  it  into  a  peptone,  not  only  soluble,  but 

I  now  incapable  of  coagulation. 
If  by  heat  you  coagulate  the  albumen  of  the  white 
of  egg,  and  then  dissolve  it  again,  you  can  once  more 
coagulate  it  by  the  application  of  heat.  The  change 
has  been  simply  physical ;  the  albumen  was  liquid, 
you  made  it  solid ;  you  can  make  it  liquid  again,  and 
Bolid  again  ;  as  you  can  turn  water  into  ice,  and  ice 
into  water.     But  you  cannot  do  this  with  the  peptone- 

I  albumen.  That  has  undergone  a  chemical  change,  and 
has  become  a  new  body :  it  is  soluble  in  water  now, 
or  in  diluted  alcohol  (not  in  concentrated  alcohol) ; 
and  13  incapable  of  coagulation,  and  of  forming  in- 
soluble compounds  with  salts. 
The  gastric  juice  which  does  this,  does  so  in  virtue 
of  its  acid  and  its  pepsin,  acting  together.  Separately, 
these  agents  have  no  such  power.  In  artificial  diges- 
tion, if  the  acid  be  neutralised  by  an  alkali — say  the 
carbonate  of  soda — the  action  of  the  gastric  juice  is 
immediately  suspended,  to  be  resumed  immediately  on 
the  addition  of  acid.  Bidder  and  Schmidt  have  shown 
that  the  digestive  power  of  the  gastric  juice  is,  up  to  a 
certain  limit,  in  direct  ratio  to  its  amount  of  acid. 
Nevertheless  it  is  not  the  acid  alone  which  is  operative. 
This  is  easily  proved.  Submit  the  gastric  juice  to  a 
temperature  of  212°  Fahr.,  and  it  loses  all  its  diges- 
tive power  whatever ;  not  because  the  acid  has  been 


destroyed,  but  because  the  pepsin  has  been  destroyed 
Pepsin  is  an  organic  substance  which  acts  as  ayermenjfl 
now.  Chemistry  teaches  us  that  at  21 2°  such  orgaj 
substances  coagulate,  and  when  coagulated  they  c 
to  act  as  ferments. 

Freezing  ttie  gastric  juice  has  no  BUch  inBneDOi 
Bidder  and  Schmidt  found  that  when  frozen  it  dissolTfl) 
albumen  as  well  as  before— which,   aa  they  remar 
must  be  a  great  comfort  to  the  admirer  of  ices. 

3.    Gastric  Juice. — Gastric  juice  is   distinguishei 
from  among  all  other  animal  fluids  by  its  stability : 
resists  decomposition  longer  than  any  other  animal  fluid 
Nor  does  it  lose  its  digestive  virtue  even  when  moul<^ 
One  peculiarity  must  be  insisted  on,  namely,  its  pow 
of  arresting  the  putrefaction  of  other  organic  i 
stances.     It  is  to  this  that  we  owe  the  impunity  v 
which  we   eat   "  high "  game  and  putrefying  mes 
Another  curious  fact  is,  that  although  the  addition  c| 
organic  acids  increases  the  digestive  power  of  this  flui 
there  is  a  limit  at  which  this  increase  ceases,  and  i 
yond  it,  excess  of  acid  suspends  the  whole  digestiTfiJ 
power.     The  power  is  also  arrested  by  the  presence  (rf  1 
too  large  a  quantity  of  organic  substances,  or  peptoneaj 

In  this  latter  fact  there  is  a  lesson  against  over-eatii 
Digestion  is  impeded  by  too  large  a  meal,  first,  in  ti 
arrest  of  the  action  of  the  gastric  juice  ;  and  next,  i 
overloading  the  stomach  with  more  than  it  can  propei^ 
move.     There  is  another  fact  mentioned  by  Lehmaiin,fl 
which  is  fertile  in  suggestion,  namely,  that  the  additi(a 

*  LeBuiNN  ;  Pti/iiol.  Ciemit, 


of  water,  so  fax  t 

s  gastrie  juke,    la  tl 
pnety  of  that  advice  to  t 
Dietetics,  to  II 
astherf  > 

jnice."  nnaiUe  as  tUi  a 
directlyeattEaiy  to&et.  Omthe^gmimmmAtm 
la  inatiiict ;  our  EcmatioDa  tdl  -m  vhta  to  inak,  a 
when  to  iexre  off  dzinki^ ;  ami  we  aqr  vnt  «NB 
that  antil  Science  can  reeoDcQe  tto  dkte  «i&  the  4k 
of  instinct,  Science  has  i 
Goethe  says  in  Hermann  mid  DotvAea : 


"  Ich  Udte  ni 
\   FfiriniscliSdlicheTnebediegntalfatfarllatwpk 

mag  oft 

h  ein  glBdlii^ker  Hm^  der  mwidctMthScfa  ■■■  loleL"  * 

Cnrionsly  enough,  the  digestion  of  albi 
stances  is  Euded  by  the  presence  of  f(U.    Wbetliei  t 
influence  is  simpiy  one  of  contact  {catalytig,  at 
chemists  aay),  or  whether  the  fat  itself  imdergoet  m 
slight  chemical  change,  is  nndetermlned  ;  and  at  a 
rate,  the  quantity  changed  most  be  so  small  i 
escape  our  estimate.    The  fact  having  been  a 
we  are  led  to  speculate  on  ita  application. 
the  custom  of  our  eating  bacon  or  bam  wiU)  c 

iC  accept  Ilia  b 
7  tannleia  uopolH  oUcli  ib»  kind  H 

n,  tliB  end  *hieh  lb*  nod 
I  attain,  ii  arrired  st  b;  k  h^ipf  inMiOEt  ot 

iduiatioii  irrcsistJblj  loading  ui 


and  not  with  ducks  and  geese,  have  something  to  c 

with  it  ? 

Saliva  also  lends  its  aid  in  the  digestion  of  albniniiiJ 
OUB  substances,  although  incapable  of  itself  acting  i 
thera.     Bidder   and   Schmidt,   indeed,   found   that  i 
hindered  the  digestion   of  coagulated  albumen ;   bun 
Bonders  found  that  cooked  flesh  was  more  rapid! 
digested  when  saliva  was  mingled  with  the  gastrii 
juice,  than  when  the  gastric  juice  alone  was  used  ;  anA 
even  coagulated  albumen  was  seen  to  be  more  rapidlyj 
digested  when  the  gastric  juice  was  made  alkaline  1: 
the  addition  of  saliva,  in  tbe  case  of  the  Esthoni 
peasant  previously  mentioned.* 

The  preceding  paragraph  suggests  a  serious  doubl 
respecting  tbe  current  theories  on  the  chemistry  ofl 
Digestion,  and  is  apparently  subversive  of  all  those  1 
experiments  which  went  to  show  that  digestive  power 
was  intimately  connected  with  the  acid  in  the  gastrio  J 
juice.     And  I  am  the  more  disposed  to  call  attentioiij 
to  this  difficulty,  because  nothing  is  more  certain  thanl 
that  a  large  quantity  of  alkaline  saUva  is  normally  pre-^ 
sent  in  the  stomach,  yet  in  spite  thereof  we  know  that 
digestion  goes  on  ;  while  it  is  equally  certain  that  out-  . 
side  the  organism,  in  artificial  digestion,  alkalies  arrest  j 
the  power  of  the  gastric  juice.     Here  are  two  contra 
dictory  facts :  the  alkaline  saliva  is  found  not  to  arrestB 
Digestion  in  the  stomach,  and  alkalies  are  found  tol 
arrest  it  out  of  the  stomacL     Can  they  be  reconciled?  J 

In  a  former  chapter  (see  p.  112)  attention  was  called  J 

*  DONDERB.;  PhfsiolOffie,  i.  219. 


QUANTITY   OF  GASTRIC  JIjICE. 


sia 


W  to  the  complication  of  all  vital  problems  by  the  neces- 
sary  interference  of  the  oiganiam  itself.  We  have  an 
illustration  in  Digestion.  In  the  organism,  although 
the  alkali  of  the  saliva  may  neutralise  a  certain  amount 

»of  the  acid  of  the  gastric  juice,  it  stimulates  the  gas- 
tric follicles  to  an  increased  secretion,  so  that,  over 
and  above  the  quantity  neutralised,  there  is  a  larger 
quantity  of  gastric  juice  produced  for  the  purposes  of 
Digestion ;  and  thus  in  the  organism,  sahva  has  prac- 
Rfeically  a.  contrary  result  from  that  which  it  produces 
mt  of  the  organism. 
Nor  is  this  a  mere  hypothesis,  without  the  warrant 
F  analogy ;  for  if  carbonate  of  soda  be  administered 
rith  iron,  the  iron  is  more  rapidly  attacked  by  the 
l.gastric  juice  than  when  administered  without  the 
alkali ;  and  this,  says  Bernard,  is  owing  to  the  greater 
secretion  of  gastric  juice  which  the  carbonate  of  soda 
\  determines. 

Quantity  of  Gastric  Juice. — The  quantity  of 
l^astrie  juice  daily  secreted  has  been  veiy  diiferently 
lestimated,  but  the  calculations  of  Bidder  and  Schmidt 
I  give  the  enormous  amount  of  thirty -one  pounds,  or 
I  nearly  one  quarter  of  the  whole  weight  of  the  body.* 
l-The  quantity  is  of  course  variable .  It  depends  on  physi- 
I'leal  and  mental  conditions,  and  on  the  nature  of  the  food 
»ten ;  some  substances  exciting  a  more  active  secretion 
others.    The  quality  is  also  variable.     Griine- 

Lt  UiB  Leeds  Meeting  a(  iho  Britbh  Associatiaa.  Dr  Barley  itatod 
kb  he  hul  nerer  found  any  Buima!  sccrsto  more  Iliim  ono-tmlli  of  iU 
Q  RBigbt  in  tbe  tweatf-four  hoius. 


waldt  and  Scliroder  found  the  gastric  juice  of  tlie 
Esthonian  peasant  very  different  under  different  condi- 
tions. When  Grunewaldt  examined  it,  the  woman  was 
living  well,  at  his  expense,  and  in  comfortable  quarters ; 
her  gastric  jniee  then  contained  43  parts  of  solid  matter 
in  100,  and  of  these  43  no  less  than  36  were  pepsin. 
When  SehrSder  examined  it,  the  woman  had  been 
living  for  some  months  on  spare  diet  in  her  own  hut, 
and  her  gastric  juice  then,  instead  of  43  parts  in  100, 
contained  only  5J  parts  of  solid;  and  instead  of  36 
parts  of  pepsin,  only  3  appeared ! 

In  presence  of  differences  so  great  as  these,  we  must 
hesitate  before  drawing  general  conclusions  from  parti- 
cular cases.  We  may  also  understand  from  it  how  food 
may  be  digestible  at  one  time,  wiiich  at  another  is 
indigestible. 

To  close  these  details  respecting  gastric  juice,  it  may 
be  mentioned  that  calculations  have  been  made  respect- 
ing the  quantity  of  albumen  which  definite  amounts 
are  capable  of  dissolving.  Lehmann  estimates  that  100 
grammes*  of  juice  dissolve  5  grammes  of  coagulated 
albumen,  on  the  average.  Schmidt  estimates  it  at  no 
more  than  2  or  3  gi'ammes.  But  even  if  we  accept  the 
largest  of  these  quantities,  we  are  forced  to  admit  that 
the  whole  amount  of  the  gastric  juice  secreted  during 
the  day  would  not  sufiBce  to  dissolve  more  than  half 
the  albumen  necessary  for  nutrition — another  proof 
that  stomachal  Digestion  is  only  one  part,  and  that  not 
the  chief  part,  of  the  digestive  process. 

*  A  gramme  is  somen'hat  tamo  than  15  grainB. 


WHAT  XiXXS  PLACE  IN  TBI  BTOUACH. 

5.  Results  of  Inquiry. — Let  us  now  sum  up  in  a 
few  brief  propositions  the  net  results  at  which  we  have 
arrired  respecting  stomachal  Digestion  : — 

1.  In  the  stomach  the  food  is  churned,  macerated, 
disintegrated,  and  much  of  it  liquefied. 

2.  The  Fats  have  been  liberated  from  their  cellular 
envelope,  and  have  become  Oils. 

3.  The  Sugars  have  been  little  altered.  The  cane 
sugar  has  been  changed  into  grape  sugar,  and  probably 
a  small  proportion  has  been  changed  into  lactic  acid. 

4.  The  Vegetable  matters  have  been  more  or  less 
divided  and  made  pulpy,  but  not  chemically  altered, 
except  some  of  their  starch,  which  has  been  altered  by 
the  saliva. 

5.  The  Albaminous  matters  lave  been  macerated,  and 
some  portion  transformed  into  peptones.  The  whole 
has  become  a  pulp. 

Bernard,  as  we  before  stated,  compares  the  action  of 
gastric  juice  on  fatty,  saccharine,  and  albuminous  mat- 
ters, to  that  of  boUing  water.  Boiling  liquefies  fat  by  dis- 
solving the  cellular  envelope  ;  gastric  juice  does  no 
more,  but  it  does  so  at  a  considerably  lower  tempera- 
ture. Starch  and  sugar  are  not  changed  by  boiling, 
except  that  they  take  up  a  proportion  of  water,  which 
makes  them  what  the  chemists  caW.  hydrates  ;  this  also, 
he  maintains,  is  the  sole  change  effected  in  them  by  the 
gastric  juice.  Boiling  dissolves  the  gelatinous  parts  of 
the  bones  and  skin,  leaving  the  earthy  parts,  and  the 
muscular  fibre,  simply  dissociated,  but  not  altered ;  bo 
does  tlie  gastric  juice.     ^Finally,  Bernard  calls  attention 


to  the  fact  that  the  intestinal  fluid  digests  meat  which 
has  been  boiled,  but  not  raw  meat — which  shows  that  , 
boiling  may  replace  the  action  of  gastric  juice.  | 

Were  then  the  ancients  correct  in  the  supposition   \ 
that  stomachal  Digestion  is  merely  a  process  of  cook-  ' 
ing?    To  a  great  extent,  yes.     The  process  is  in  many  | 
respects  analogous.   It  differs,  however,  in  one  important 
point,  namely,  the  chemieal  transformation  *of  the  food 
into  peptones. 

6.  Action  of  Gastric  Juice  on  the  Stomach. — Be- 
fore quitting  this  subject  we  must  glance  at  another  | 
ancient  opinion,  not  yet  universally  discarded.  When  . 
one  of  the  Alchemists  announced  that  he  had  discovered 
an  universal  solvent,  Kunckell  the  chemist,  with  quiet 
wit,  asked,  "  In  what  kind  of  vessel  do  you  keep  it  ? " 
The  difficulty  which  Kunckell  felt  in  conceiving  a  vessel 
that  could  resist  the  action  of  an  universal  solvent, 
was  felt  by  the  physiologists,  who  proclaimed  that 
gastric  juice  was  an  universal  solvent  of  animal  sub- 
stances which  nevertheless  did  not  dissolve  the  stomach. 
What  protected  the  stomach  ?  The  mysterious  entity, 
named  "  Vital  Principle,"  which  was  the  deus  ez 
machind,  and  universal  refuge  in  cases  of  difficulty, 
seemed  to  them  the  sole  possible  cause  of  this  immunity 
enjoyed  by  the  stomach.  In  proof,  they  appealed  to 
the  fact  that  in  the  dead  body  the  stomach  is  si 
times  seen  to  be  attacked  by  the  gastric  juice.  Not 
content  with  attributing  this  immunity  of  the  stomach 
to  the  Vital  Principle,  which  "  suspended  the  action  of 
chemical  laws,"  they  urged  this  fact  of  immunity  in  the 


living  stomach  as  a  proof  of  the  existence  of  that  very 
Vital  Principle  which  effected  it.  Logicians  call  tlda 
arguing  in  a  circle  ;  but  let  ua  see  if  we  cannot  explain 
the  facts  without  having  recourse  to  any  Vital  Principle 
suspending  and  superseding  chemical  laws.* 

In  the  first  place,  as  a.  matter  of  fact,  the  Vital 
Principle,  granting  its  existence,  has  no  power  whatever 
of  arresting  the  action  of  gastric  juice.  The  proof  is 
easy.  Place  a  little  juice  under  the  skin  of  a  living 
animal,  and  you  wiD  find  in  a  short  time  that  the  cellular 
tissue  is  dissolved,  and  the  parts  in  contact  with  the 
fluid  chymified.  Bernard  kept  the  hinder  extremities 
of  a  living  frog  in  contact  with  gastric  juice,  and  found 
they  were  digested  by  it,  in  spite  of  that  Vital  Principle 
which,  according  to  its  advocates,  can  suspend  all 
chemical  laws. 

We  thus  see  that  it  is  not  the  mere  fact  of  the  ani- 
mal being  alive  which  prevents  the  gastric  juice  from 
acting  on  its  stomach,  Life  having  no  mysterious  power 
of  "  suspending  "  sucli  actions  ;  but  that,  whether  dead 
or  alive,  the  gastric  juice  will  dissolve  animal  tissues. 
Why  then  is  the  stomach  protected  during  life  ?  For 
precisely  the  same  reason  that  many  poisons  which 
rapidly  destroy  life  when  entering  the  blood,  as  in 
wounds,  are  perfectly  harmless  when  entering  the 
stomach.  The  savage  slays  his  game  with  poisoned 
,  and  eats  the  poisoned  flesh  with  impimity. 


unr  final  chapter,  on  Life  isn  DEATff,  we  ishnll  ei 
hypothesis  of  a  Vital  Frinciplo,  and  cipounil  the  n 


DIG^TIOX    AKS  ISDIGESnOS. 

This  is  sa  interesting,  but  by  do  means,  mysterious 
fact.     The  poison  is  harmless  in  the  stomach  becaiu 

it  cannot  be  absorbed  from  the  stomach ;  and  unless  i 
be  absorbed,  and  enter  the  blood,  it  cannot  operate  s 
a  poison.     There  is  no  question  of  a  Vital  Principl 
here ;  it  is  simply  a  question  of  Absorption.     Let  bul 
the  epithelial  lining"  of  the  stomach  be  destroyed  i 
any  spot,  and  the  poison  will  there  enter  in  spite  of 
Vital  Principle    The  ease  is  analogous  with  the  gastrio 
juice  ;  the  pepsin  cannot  be  absorbed,  because  the  epi- 
thelial lining  of  the  stomach  opposes  that  absorptions 
This  epithelium,  however,  is  very  rapidly  and  easiljr 
destroyed  ;  and  in  the  dead  stomach  the  destructuy, 
not  being  compensated  by  as  rapid  a  renewal,  leavi 
the  tissue  unprotected  against  the  action  of  the  gastrio 
juice.f 

Life  therefore  endows  the  stomach  with  inununityj 
not  because  Life  suspends  the  ordinary  actions  of  mat- 
ter, but  because  it  here  renews  the  protecting  epithelium 
as  fast  as  it  is  destroyed ;  and  thus  the  phenomenon  is- 

"  Ths  tpMelium.,  urdolicaCa  layorof  cells  nMch  lines  tlio  wall  of  tho 
stomach,  ia  anotlier  form  of  that  layer  of  cells  called  epvlrrn 
scarf  skin  (ssa  lig.  2,  p.  35)  which  is  the  outermost  and  prot 
membrane  of  the  hodj. 

t  Bernard  ;  Lifoiu,  li,  406^,  itq.    Bassuhqkr  gives  a  verj  abaur^ 

in  tlia  moloculsa  of  the  tissue  which  pievonts  thoir  being  act«d 
MEtBSNIER,  BericJu  lilier  I'tfiioi.,  1S57,  p.  201.  Since  this  was  in  typ«^ 
I  havu  learned  that  Dr  Hsj-lcy  has  shown  by  experiment  Chat  the  layer 
of  mucus  covering  the  walla  of  the  slomacli  is  (ha  chief  prt 
OBttinBt  the  absorptioo  of  gastric  juice.  This  does  not  distu! 
Brgumeut  in  Che  text. 


explained  by  clear  physiological  principles,  without 
invoking  the  interference  of  a  Vital  Principle,  the  very 
essence  of  which  is  inconceivable,  and  its  modes  of  action 
wholly  supposititions. 


I 


in  IsTESTrNAL  DIGESTION, — The  food  has  become 
Chyme ;  we  have  now  to  trace  its  transformation  into 
Chyle.  It  has  been,  so  to  speak,  cooked ;  we  have  now 
to  see  it  digested. 

The  pulpy  mass  of  Cbyrae  enters  from  the  stomach 
into  the  intestinal  canal,  and  there  undergoes  its  final 
changes  during  its  passage  through  an  organ  the  enor- 
mous size  of  which  (thirty  feet,  and  upwards,  in  length) 
is  alone  sufficient  to  indicate  its  importance ;  and  this 
indication  is  further  borne  out  by  the  fact  that  large 
and  important  glands,  such  as  the  Liver  and  the  Pan- 
creas, pour  their  secretion  into  it.  This  thirty- feet  canal 
is  by  anatomists  distinguished  as  if  it  were  two  organs, 
thongh  in  reality  it  is  one  continuous  tube.  They 
speak  of  it  as  the  Small  Intestines — comprising  the 
Duodenv/m,  the  Jejunum,  and  the  Ileum  ;  and  the 
Large  Intestines — comprising  the  Coscum,  the  Colon, 
and  the  Rectum,  (see  p.  230,  fig.  7). 

Here  it  is  that  Vegetahles  are  made  to  yield  what- 
ever digestible  material  they  contain ;  fata  are  reduced 
to  an  emulsion  which  permits  their  being  absorbed ; 
starch  is  completely  converted  into  glycoae  (staroh- 
Bugar) ;  and  the  undigested  jieeh  is  converted  into 
peptones. 

In  the  Stomach  the  mechanical  processes  are  pre- 
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dominatit;  in  the  Inteafcine,  these  are  auhordlnate  to  the  I 
chemical  processes  due  to  the  influence  of  three  fluid^J 
the  Bile,  the  Pancreatic  juice,  and  the  Intestinal  julce.'B 
These  we  must  now  separately  examine. 

1.  27(6  Bile.— Into  the  first  of  the  Small  Intestines^ 
(DuodenuTn)  the  Liver  pours  ita  secretion  of  BOe  at  am 
slight  distance  frona  the  stomach  (see  p.  230,  fig.  7,  B').  I 
No  less  than  three  or  four  pounds  of  this  fluid  are  dailjrl 
poured  in.  The  quantity  is  of  course  variable,  liltel 
that  of  every  other  secretion,  being  dependent  on  indi- 1 
vidual  peculiarity,  and  on  the  nature  of  the  food  eaten.  I 
Fats,  and  fatty  foods,  diitiinish  the  quantity  in  a  not-B 
able  degree,  according  to  Bidder  and  Schmidt,  who  I 
found  that  eats  fed  solely  on  fat  secreted  no  more  than  I 
0.327  of  a  gramme  per  hour,  whereas  their  secretion  I 
on  ordinary  diet  was  0.807  grm. 

Although  far  from  denying  the  conclusion  of  theea.l 
able  experimenters,  I  cannot  help  pointing  out  a  source  I 
of  fallacy  in  this  experiment,  which  seems  to  havel 
escaped  criticism.  We  know  that  the  quantity  of  Bile  | 
sectoted  is  always  larger  on  a  full  diet  than  on  a 
diet,  larger  on  flesh-diet  than  on  mixed  diet ;  when  | 
therefore  cats  were  fed  on  fafc  alone,  they  v 
a  diet  which  was  equivalent  to  almost  none  at  all,  \ 
since  all  animals  starve  on  fat  alone.  That  this  ob-  I 
jection  is  valid  may  be  seen  in  the  fact  that  the! 
quantity  secreted  by  these  fat-fed  cats  is  actually  the  1 
quantity  which  is  secreted  by  the  fasting  animal.  I 
Had  Bidder  and  Schmidt  fed  the  cats  on  pure  albn-l 
men,  I  believe  they  would  very  soon  have  found  t 
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secreijon  of  Bile  was  no  greater  than  tLat  from  fat 
diet ;  and  for  the  same  reason :  pure  albumen  soon 
becomes  equivalent  to  almost  no  food  at  aJL  The  only 
positive  conclusion  I  can  dra.w  from  their  experiment 
is  one  eufBciently  culious — namely,  that  in  spite  of 
Bile  being  the  most  hydrocarbonaceoua  substance  in 
the  body,  imd  of  fat  being  a  hydrocarbonaceous  food, 
there  seems  no  definite  relation  between  the  formation 
of  the  one  and  the  presence  of  the  other. 

There  ia  an  important  practical  question  directly 
connected  with  this  influence  of  fat  on  the  secretion  of 
Eila  Fats  are  said  to  make  people  bilious.  On  the 
other  hand,  some  medical  men  advise  bilious  people  to 
eat  bacon  for  breakfast.  Now  we  must  distinctly  un- 
derstand that  even  some  medical  men  talk  of  "  bilious- 
ness," when  in  truth  the  evil  ib  simply  Indigestion ; 
and  aa  fat,  if  decomposed  in  tlie  stomach,  produces  In- 
digestion, fat  may  in  this  sense  be  said  to  make  people 
bilious.  There  ia,  however,  a  frequent  "  attack  of 
bihousnesa "  from  which  some  unliappy  people  suffer, 
and  tins  arises  from  a  deficiency  in  the  secretion  of 
Bile.  The  sluggish  Liver  leaves  its  work  undone, 
like  the  over-fed  servants  of  a  great  house.  The  best 
of  all  stimulants  is  continued  exercise  in  the  open  air. 
But  if  it  could  be  proved  that  fat  has  a  tendency  to 
diminish  the  secretion  of  Bde,  we  should  therein  see 
the  perfect  explanation  of  the  common  belief  that  "  fata 
make  people  bUious." 

In  the  preceding  section  it  was  noted  that  water 
increased,  instead  of  diminishing,  the  digestive  power 
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of  the  gastric  juice.  Its  value  in  digeation  is  furtliffl'B 
shown  in  the  fact  tha.t  it  increases  the  quantity  of  Bile 
— not  only  its  amount  of  liquid,  but  also  its  amount  of 
solid  matter.  A  dog,  after  eating  185  grammes  of  beef 
without  water,  secreted  2.283  grm.  of  Bile,  containing 
0.135  solid  matter.  He  was  subsequently  allowed  to 
take  the  same  weight  of  water — 185  grm. — -witbout 
beef,  and  he  secreted  5.165  grm.  of  Bde,  containing 
0.143  solid  matter.  On  another  occasion,  after  only 
25  grm.  of  beef  and  158  grm.  of  water,  he  secreted 
4.030  of  Bile.  Very  surprising  facts,  which  show  thaJ 
immense  importance  of  water  in  nutrition. 

Flesh  increases  the  secretion  considerably  beyoi 
that  produced  by  vegetable  diet 

2.  The  part  played  by  the  Bile. — It  would  be  easy  7 
to  fill  a  small  volume  wifi  the  controversies  which 
have  long  been  raging  respecting  the  part  played  by 
this  secretion  in  the  animal  economy ;  but  the  reader 
will  not  expect  anything  of  the  kind  here,  and  may  be 
content  with  two  facts  which,  if  not  absolutely  beyond 
dispute,  are  at  any  rate  fixed  on  so  broad  an  inductive 
basis  as  to  command  confidence :  These  are,  First,  that 
the  Bile  is  formed  in  the  Liver,  and  by  the  Liver ; 
it  does  not  pre-exist  in  the  blood,  although  of  course  its 
elements  are  there  :  Secondly,  that  it  is  at  once  a  secre- 
tion and  an  excretion :  the  Liver  separates  from  the 
blood  substances  which  it  forma  anew  into  a  fluid, 
this  fluid  taking  its  part  in  the  digestive  process,  after- 
wards to  be  reabsorbed  into  the  blood  ;  and  the  Liver 
also  separates  from  the  blood,  or  fomiB  anew,  snb- 
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■tances  which,  though  constitntiiig  not  more  than  one- 
eighth  of  the  whole  Bile  (probably  much  less),  are 
ejected  from  the  organism  as  injurions.* 

In  the  stomach  Bile  at  once  arrests  Digestion.  If 
&om  any  cause  it  has  risen  into  the  stomach,  as  nn- 
happUy  it  sometimea  does,  we  are  seized  with  nausea 
and  Yomiting.  The  evidence  for  this  is  so  plain  that 
we  cannot  wonder  if  many  writers  have  founded  on 
it  their  disbelief  in  the  digestive  influence  of  the  Bile, 
which  they  regard  as  a  pure  excretion.  They  overlook 
one  important  consideration,  however,  and  forget  that, 
when  in  the  stomach,  Bile  is  out  of  its  right  place. 
The  intestine  is  its  right  place,  and  there  its  influence 
is  digestive,  aithongh  it  there  also  counteracts  the  action 
of  the  gastric  juice. 

This  leads  us  to  a  very  curious  example  of  the  com- 
plication and  seeming  contradiction  of  organic  pro- 
cesses. Bile  undoubtedly  arreats  the  influence  of  the 
Gastric  Juice,  inside  as  well  as  outside  the  body. 
Place  a  piece  of  meat  in  a  glass  vessel  with  some 
gastric  juice;  the  meat  will  soon  manifest  a  eom- 
■  mencement  of  digestion,  the  fibres  will  be  dissociated, 
and  the  cellular  tissue  dissolved.  If  now  a  little  bile 
be  added,  the  digestive  process  is  suddenly  arrested : 
the  gastric  juice  preserves  its  acidity,  but  loses  its 
digestive  influence.  If,  in  a  second  vessel,  meat  be 
left  in  contact  with  gastric  juice  only,  we  find  at  the 
end  of  a  few  hours  that  a  complete  chyndfication  has 
d ;  whereas  the  meat  to  which  bile  was 
■  Conip.  BtDDEE  and  Sohmhw,  p.  217. 
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added  remains  unaltered,  and  will  continue  so  for  a 
very  long  period. 

What  is  the  nature  of  this  action  ?    Bernard  main 
tains  that  it  is  nothing  else  than  this :   the  fermenfl 
pepsin,  which  is  operative  in  gastric  juice,  is  precipii 
toted,  as  the  chemists  say  (separated  and  thrown  down)J 
and  the  albuminous  substances  are  once  more  rendered! 
insoluble*  and  cease  to  undergo  chemical  change. 

The  reader  will  remember  that  the  albuminous  sub- 
stances were  rendered  soluble  m  the  stomach  by  the 
gastric  juice.  On  reading  the  intestine,  and  there 
coming  in  contact  with  the  Bile,  they  are  once  more 
rendered  insoluble:  a  yellow  precipitate  is  formed, 
which  sticks  to  the  coats  of  the  intestine ;  and  thus, 
while  the  starchy,  fatty,  sugary  substances  continue 
their  progress  unchanged,  the  albuminous  substances 
are  arrested,  and  all  that  was  so  laboriously  achieved  in 
the  stomach  seems  undone  again.  If  there  were  no- 
thing to  counteract  this  influence  of  the  bile,  the  diges- 
tion of  meat  would  be  impossible ;  fortunately  the  delay 
is  temporary,  and  by  the  action  of  the  pancreatic  and 
intestinal  juices,  the  albumen  is  once  more  rendered 
soluble. 

We  may  now  perhaps  explain  some  points  which 
have  seemed  very  puzzling  and  contradictory.  Experi- 
ments have  been  made  which  prove  that  when  the 
gall  duct,  through  which  the  bile  pours  into  the  intes- 
tine, is  opened,  and  the  bile  by  removal  is  prevented 
&x)m  entermg  the  intestuio,  the  animal  loses  weight, 


and  dies  in  a  fortnight  or  three  weeks.  This  result  ia 
intelligible  when  we  reflect  that  normally  the  bile  is 
mostly  reahsorbed,  only  one-eighth  of  it  passing  away  as 
an  excretion  ;  so  that  the  loss  of  all  the  bile  must  be 
an  immense  drain  on  the  system. 

But  other  experiments  seemed  flatly  to  contradict 
this  result.  The  bile  was  removed,  yet  the  animal 
lived  on,  apparently  uninjured.  Blondlot  had  a  pointer 
who  lived  for  five  years  with  an  artificial  opening,  or 
"fistula"  in  its  gall  duct;  she  annnally  .suckled  her 
pups,  and  went  out  shooting  with  her  master,  as  if 
nothing  were  the  matter.  On  the  strength  of  this  it 
has  been  ai^ed  that  bile  is  an  excretion,  and  totally 
useless  in  Digestion. 

The  contradiction  has  been  explained  thus:  when 
the  bile  is  removed,  a  much  larger  quantity  of  food 
becomes  necessaiy,  indeed  as  much  again  must  be  eaten, 
to  preserve  the  standard  weight.  The  extra  supply  of 
food  compensates  for  the  drain  occasioned  by  the  loss 
of  the  bile. 

But  we  have  still  to  prove  that  the  bile  has  a  diges- 
tive action.  And  that  some  material  diflference  is  pro- 
duced by  the  bile  is  clear  from  the  highly  fetid  odour  of 
the  excreta,  and  the  unusual  development  of  gas,  when 
the  bde  ia  prevented  from  ponriug  into  the  intestine. 
Flatulent  dyspepsia  is  the  result  of  a  languid  secretion 
from  the  liver. 

We  have  already  seen  that  the  action  of  bile  i 
the  digestion  of  albuminous  substances ;  on  sugar  and 
starch  its  action  is  inappreciable  ;  on  fat  its  action  is 


peculiar.  There  is  no  dispute  that  the  bile  greatly  j 
assists  in  the  absorption  of  fat ;  but  how  it  does  so  J 
is  disputed.*  Wistinghausen's  experiments  show  that  I 
whereas  od  can  only  be  made  to  penetrate  an  animal  1 
membrane  when  submitted  to  a  high  pressure,  it  pene-  I 
trates  withqut  any  pressm-e  at  all,  if  the  membrane  be  I 
moistened  with  biia  Now  all  absorption  in  the  organ- . 
ism  takes  place  through  membranes,  and  not  through,  I 
orifices  :  the  absorbent  vessels  have  no  open  months  to  I 
suck  up  fluids ;  the  fluids  pass  into  them  through  their  ( 
delicate  walls.-f 

3.    The  part  played   by  the  Pancreatic  Juice.— 
Under  its  form  of  "  sweetbread "  every  one  is  familiar 
with  the  Pancreas.     It  lies  along  the  nnder-side  of  the  1 
stomach,  and  pours  its  secretion  into  the  intestine  ] 
through  a  duct  (sometimea  two  ducts)  wiiich  enters  a  J 
little  way  below  the  bile-duct  (see  p.  230,  Fig.  7,  W). 

If  Bernard's  views  of  its  function  are  correct,  it  is  J 
the  most  important  organ  in  the  whole  course  of  the  I 
alimentary  canal,  for  it  possesses  the  property  of  I 
forming  /ate  into  an  emulsion,  of  transforming  starch  ' 
into  sugar,  and  of  acting  on  albuminous  substances — 
both  those  precipitated  by  the  bile,  and  those  also 
which  the  gastric  juice  has  not  yet  dissolved     But,  he 

■  Mr  MiLTcet  hna  recoati;  D-drancGd  cogent  renBOoa  for  suppasing 
that  the  bilo  otrasts  ia  tho  abaorption  of  the  futtj  adds,  and  that 
ibeie  are  produced  in  the  atomiuh  horn  the  &ta  of  tbe  food,— Medical 
Tiisa,  29thADg,  1SS3.  I  knov  onl;  the  analfiiB  of  this  paper  g^iSD  by 
Broith  SEqCAHD  :  Journal  de  la  Pkyi.,  i.  SD6. 

i-  Bee  the  eipUDaUoii  of  Endomorit  in  the  chapter  on  Food  <t: 
DbIKE,  p.  100. 


says,  it  possesses  niii  fowamttrmm^Kimm 
only  afier  Uier  fane  ben  aebat  w  by  ife  Uk. 
y/e  take  food  diieetlj  bam  A*  jtnaa^  am 
to  the  actioii  of  tie  naoo^e  Ams^  «« 
ensoes ;  whaeu  if  ibe  fairf  "t* —  fii^  ri 
be  first  nixed  via  a  Ktde  Ut^  mA  Am  a 
tbe  Fancrestic  Jme^  tie  ^Sffatim  rffccK  J 
Thus  the  eaaxaBn  actiaaa  aC  CiMfck  Ja 
and  Fuioestic  Jme^  fias  a  aeeaiHj  Ma 

There  has  been  great  dilate  BOipccliig  d 
thus  attribnted  to  the  Pmacai^  wd  dkfamfc  1 
replies  tohisaDtagonistaTiligR^iUlaadiBg 
the  lesearches  of  CoGa  aad  B^aid-f  |iaca  b; 
doabt  that  fat  is  abaoriMd  erai  wbea  &e  FneaeM 
been  extirpat«d ;  and,  moreOTEr,  Ae  fad  of  aaa 
digesting  when  their  bOe  is  ronond,  prana  thri 
Pancreatic  Jolce  (foes  act  on  the  taoi  ena  witbaal 
previous  action  of  the  bile     We  am^  thcn&cc,  m 
what  qaaliSy  Bernard's  stattamit,  and  a^  &it  I 
action  of  the  Pancreatic  Juice   akoe  it  waA 
energetic  than  when  foUowiag  tbat  of  tfce  bfle ; 
that  although  the  Pancreaa  may  greatJj  aniiC  the  A- 
sorption  of  fat,  it  is  not  indispeitfiable  to  it. 

The  united  inflnence  of  tfae  bile  and  Panczeatk  J 
transforms  such  portions  of  the  starch  us  hare  « 
the  action  of  the  saliva  into  detxtrine  and  glj/eote  (f 
p.  197),  into  which  the  starch  most  poas  beSart  it  c 
be  absorbed ;  it  renders  the  fats  easjr  of  aJatorptiom}  1 
and  it  dissolves  albuminons  snbstaocea. 
•Bebnasq:  Le(OJii,n.Hl.       tSeeHzBDBB:  Arid^lU7,^ 
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The  preceding  diagram,  copied  from  Bernard,  may 
t  the  amateur  in  following  tLe  course  of  the  diges- 
f  tive  tract. 

In  the  mouth  the  food  is  acted  on  by  the  saliva 
issuing  from  the  parotid  {p),  the  submaanUary  (g), 
and  the  sublingual  glands  (y),  It  passes  aJong  the 
cesophogus  (ffi),  and  reaches  the  stomach  (E),  whence  it 
passes  into  the  duodenum  (d),  and  the  whole  length  of 
the  email  intestine  (i),  to  the  ceecvmi  (q),  and 
colon  (t). 

During  its  course,  such  portions  of  the  food  as  have 
3  soluble  are  absorbed — 1,  by  the  Portal  Veins 
%{Vp),  which  carry  them  to  the  Liver  (F),  and,  2,  by  tbe 
Kteals  ( VI),  minute  absorbent  vessels  which  cany  them 
pio  the  reservoir  of  Pecquet  (S),  from  whence  they  are 
transmitted  by  thetkoracic  duct  (ft)  to  tlie  subclavian 
vein,  where  they  join  the  blood.   The  other  parts  of  this 
diagram  will  be  explained  hereafter.     Meanwhile,  if  the 
reader  considers  for  a  moment  the  immense  prepon- 
derance of  the  absorbent  portal  veins  over  the  absorbent 
lacteals,  he  will  see  that  the  popular  notion  of  the  Chyle, 
which  is  found  in  the  lacteals,  being  the  quintessence 
of  the  food,  is  altogether  erroneous.     If  we  call  Chyle 
that  which  is  found  in  the  intestine  before  absorption, 
we  may  be  justified  in  the  assertion  that  the  object  of 
digestion  is  to  mate  Chyle.     But  if  we  suppose  that 
d  circulating  in  the  chyliferous  vessels  (lacteals) 
|b  all  the  Chyle,  we  shall  greatly  err.  This  Chyle  is  really 
Sittle  more  than  ordinary  lymph  and  fat     The  chief 
l-Jiart  of  the  digested  food,  chief  in  qimlity  as  in  quantity, 


taaKsnoN  akd  nroiGBsnoN, 

nen>er  enters  the  lacte^  vessels,  but  is  carried  by  tlioB 
portal  veins  to  the  liver.     Comparative  anatomy,  t 
ing  as  it  does  that  birds  have  tu)  lacteals,  that  reptild 
have  none,  and  that  fishes  have  none,  plainly  teac 
that  the  fouction  of  tbese  vessels  must  be  special,  a 
Claude  BerDard  maintains  that  it  ia  limited  to  t 
absorption  of  fat. 


V.  Causes  of  Isdigestion.  —  In  unfolding 
various  stages  of  the  digestive  process,  we  have  ( 
the  same  time  unfolded  several  of  the  causes  whiol 
may  disturb   that  process,  and  afflict  human  being) 
with  a  slight  or  terrible  attack  of  Indigestion. 

It  is  certain  that  if  the  food  be  not  well  masticatojj 
and  saturated  with  saliva,  we  must  have  the  power 
gastric  juice  of  a  dog,  or  a  lion,  to  compensate  1 
deficiency ;  otherwise  a  larger  proportion  of  the  t 
changed  food  will  be  transmitted  to  the  intestines  t 
they  can  well  manage,  or  will  lie  like  a  load  oppresi 
ing  the  stomach.     The  starch  will  descend  in  lumpi 
and  although  much  of  it  wiJl  be  dissolved  by  inte 
tinal  digestion,  some  will  pass  away  undigested. 

If  the  secretion  of  Gastric  Juice  be  languid,  or  j 
that  fluid  be  not  sufficiently  acid,  chymification  i 
be  laborious  and  painful.  If  the  bile  rise  in  the  std 
mach,  digestion  will  cease  ;  if  the  secretion  of  bile  ti 
too  scanty,  the  food  will  lie  like  a  burden,  and  prodiM 
diarrhtea  or  sickness ;  and  so  on  to  the  end  of  \ 
chapter.  Let  there  be  only  a  little  less  acid,  or  a  Uttl 
more  alkali,  each  of  which  depends  oa  complex  cona 
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tiona,  and  Digestion,  which  to  the  young  and  healthy 
is  aa  easy  as  it  is  delightful,  becomes  the  source  of 
.misery. 

lU-selected  food  is  one  source  of  these  evils ;  but  it 
haa  been  touched  on  in  a  previous  chapter,  and  need 
not  detain  us  now.  Want  of  fresh  air  and  exercise  is 
another  source.  The  action  of  the  liver  ia  particularly 
.affected  by  exercise ;  and  all  who  suffer  from  bilious- 
3  should  pay  their  fees  to  the  livery  stable  and 
watennan,  horse- exercise  and  rowing  being  incompar- 
,ably  the  best  of  prescriptions.  A  walking  excursion, 
■especially  in  mountain  districts,  and  with  resolute  avoid- 
ance of  walking  too  much,  ■will  be  of  great  service  to 
,the  dyspeptia  It  ia  important  to  bear  in  mind,  more- 
over, that  although  sedentary  habits  are  very  injurious 
to  the  Digestion,  they  are  less  so  than  bad  ventilation ; 
those  who  sit  long,  and  sit  in  bad  air,  are  sure  to 
Buffer.  Wa  shall  touch  on  this  point  in  the  chapter  on 
Bespieation  and  Suffocation. 

The  influence  of  the  Nervous  System  is  perhaps  even 
more  prominently  manifested  than  that  of  any  other 
cause  of  Indigestion.  It  is  comparatively  rare  to  meet 
with  Indigestion  among  artisans,  in  spite  of  their  iH- 
cooked  food,  their  exposure  to  aU  weathers,  and  other 
hardships  ;  and  it  is  as  rare  to  meet  with  good  Digestion 
1  among  the  artisans  of  the  brain,  no  matter  how  care- 
ful they  may  be  in  food  and  general  habits.  Protracted 
■  thought,  concentrated  effort  in  the  directions  of  Philo- 
sophy, Science,  or  Art,  almost  always  exact  a  terrible 
price.     Nerve-tissue  is  inordinately  expensive.    But  it 


33*  DIGBSTION  AND   INDIGESTION. 

is  worthy  of  remark,  that  mere  intellectual  activity, 
when  Tinaccompanied  by  agitating  emotion,  never  seems 
to  affect  the  Digestion,  unless  the  effort  be  of  an  un- 
usual intensity,  Our  passions  are  destroying  flames. 
Anger,  Ambition,  Envy,  Despair,  Sorrow,  and  even 
sudden  Joy,  immediately  disturb  the  digestion.  A 
letter  bringing  bad  news,  the  sight  of  anything  which 
painfully  affects  us,  a  burst  of  temper,  or  an  anxious 
care,  will  sometimes  render  the  strongest  of  us  incapable 
of  digesting  a  meal  If  tlie  food  be  swallowed,  it  will 
not  be  digested,  or  digested  only  at  a  vast  expenaa 
And  herein  may  be  learned  a  lesson  against  a  veiy 
common  mistake  committed  by  very  sensible  peopla 
When  a  friend  is  overwhelmed  with  grief,  we  try  to 
force  him  gently  to  take  the  food  he  obstinately  re- 
fuses. "  Do  try  and  eat  a  mouthful ;  it  is  necessaiy 
for  your  strength ;  you  will  fall  ill."  Perhaps  our  en- 
treaties succeed ;  he  takes  a  little  food  "as  a  support" 
Error !  the  food  will  weaken,  not  strengthen  him.  In 
sach  cases  Instinct  may  safely  be  relied  on.  When  a 
man  is  hungry,  he  will  cat  When  he  will  not  eat,  he 
should  be  left  in  peace  until  hunger  prompts.  If  in 
compliance  with  the  entreaties  of  friends  he  takes  a 
meal,  it  will  do  him  harm  rather  than  good.  There 
are,  indeed,  people  who  think  that  to  eat  iu  times  of 
sorrow,  is  a  proof  of  want  of  feeling,  and  that  their  appe- 
tite is  a  sign  of  disrespect ;  as  if  appetite  were  subject  to 
the  wilL  Such  people  must  he  reasoned  with,  and  told 
that  it  is  as  foolish  to  refuse  food  when  the  appetite  de- 
mands it,  as  to  eat  it  when  the  system  rebels  against  it 
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There  is  anoUier  direction  in  vhich  the  Nervous 
System  influences  Digestion,  alibougii  it  can  only  be 
briefly  alluded  to  here.  When  we  come  to  treat  of 
nervous  pheuomena,  we  shall  more  particnlarly  examine 
the  nature  of  Beflex  Action  ;  at  present  it  is  enough  to 
say,  that  certain  parta  of  the  orgimic  mechanism  are  so 
intimately  allied  in  action,  that  they  arc  said  to  tympoh 
thise  with  each  other.  All  parts  of  the  alimentary  oral 
sympathise.  "Whenever  the  saliva  is  profdsely  Mcretal, 
the  gastric  juice  "  sympathises,"  and  w  also  secivtHl ; 
and  any  irritation  of  the  mucous  membnioe  of  tha 
stomach  increases  the  flow  of  saliva.  This  is  a  taet  to 
be  borne  in  mind,  the  more  so  aa  few  persnu  aeem 
thoroughly  aware  of  it,  althotigh  it  serves  a«  a  jdnipte 
indication  of  an  irritated  state  of  the  atomach,  which 
they  might  well  note.  In  my  own  person  I  have  fre- 
quent experience  of  it ;  and  the  presence  of  an  nntisual 
flowofsalivaisalways  a  warning  tome  that  the  mucona 
membrane  of  my  stomach  is  affected.  Dr  Gairdn«" 
mentions  the  remarkable  case  of  a  man  who  secreted 
from  six  to  eight  ooncea  of  saliva  during  a  meal  of 
broth  which  was  injected  into  ius  stomach  ;  and  the 
reverse  haa  been  obaerved— m  exdtstioo  nf  the  aervn 
of  taste  prodncing  a  flow  of  ^stric  juice  and  biU* 

The  dedoctkn  from  Af»i  Earbt  i»  siniple  saut  im- 
poriiant  All  who  ace  umthHeA  Mtii  a  di»ft'r!i'fnry  <t 
gastric  jaice  AemU  be  «flHbl  w  lee  ih^  TnM  bfw 
fiill  of  flavour  at  fiiriMifc    H—JiMi  itw*  '^Ittimf 
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the  nervea  of  taste  comparatively  quiet,  leaves  the  se»  i 
cretion  of  gastric  juice  proportionately  feeble.     Fo(^ 
which  has  a  relish  caa  be  more  easily  digested.    Eve 
one  knows  that  we  can  eat  a  variety  of  dishes  with  led 
labour  indigestion,  than  a  smaller  quantity  of  one  k 
of  food,  simply  because  the  variety  of  "  relish  " 
the  digestive  process  more  active. 

It  is,  I  conceive,  from  the  same  law  of  sympathet 
action  that  smoking,  after  a  meal,  assists  digestiol 
There  has  been  much  discussion  respecting  the  iuju] 
ousnesa  of  smoking,  ever  since  Tobacco  was  first  d 
covered ;  but  as  Physiology  was— and  still  is  in  i 
circles — httle  understood,  a  very  considerable  amoiq 
of  nonsen-se  has  been,  and  continues  to  be,  uttered  a 
this  question.  It  is  a  positive  fact  that  the  j 
secretion  can  at  any  time  be  produced  by  simply  stin 
lating  the  salivary  glands  with  tobacco  ;  and,  as  befoa 
stated,  whatever  stimulates  the  secretion  of  saliva  p 
motes  that  of  the  gastric  juice.  Smoking  c 
A  cigar  after  dinner  is  therefore  to  that  extent  bene! 
cial.    Not  so  before  a  meaL 

But  the  action  of  tobacco  is  not  confined  to  thia 
has  other  influences,  some  beneficial,  some  injuriou 
the  amount  of  injury  depends  on  the  nature  c 
organism ;  and  therein  each  person  must  judge  for  his 
self  There  is  only  one  caution  which  it  is  right  t 
place  before  the  reader.  When  tobacco  is  said  to  \ 
not  injurious,  but  beneficial,  it  must  always  be  u 
stood  to  mean  tobacco  in  small  quantities.  Exceeal 
tobacco  is  very  injurious  ;  so  also  is  excess  in  alcohi 


lias  had  time  to  digest,  he  will  need  no  sentences  o 
explanation  to  convince  him  of  the  serious  error  pid 
valent  in  English  families  of  making  tea  a  light  mefl 
quickly  succeeding  a  substantial  dinner. 

Regularity  in  the  hours  of  eating  is  far  from  nece 
eaiy ;  but  regularity  of  intervals  is  of  primary  impoii 
ance.     It  matters  Httla  at  what  hour  you  lunch  o 
provided  you  allow  the  proper  interrals  to  elapse  betwea 
breakfast  and   luncheon,  and  between  luncheon  ; 
dinner.    What  are  those  intervals  ?     This  is  a  quest 
each  must  settle  for  himself.    Much  depends  on  t 
amount  eaten  at  each  meal,  much  also  on  the  rapid 
with  which  each  person  digests.     Less  than  four  hoiq 
should  never  be  allowed  after  a  heavy  meal  of  mei 
Five  hours  is  about  the  average  for  men  in  active  n 
But  those  who  dine  late — at  six  or  seven — never  uet| 
food  again  until  breakfast  next  day,  unless  they  h 
been  at  the  theatre  ;  or  dancing ;  or  exerting  themselfl 
in  Parliament ;  in  which  cases  a  light  supper  is  requisibq 


We  have  thus  traced  Food  through  its  metamol 
phoses  into  Chyle.  As  Chyle,  it  is  absorbed  by  ti 
lacteals  and  veins  to  join  the  Blood.  It  is  this  comp] 
fluid  which  we  have  now  to  examine. 
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iTaroflHb — Erroneoas notioiu ebout medidDes  "puii^iog" 
tlia  blood — How  it  drculales— Capillary  Tes»el« — Tbo  Bobstances  it 
carriofl ;  iron  and  soap — Tho  blcMid-discs ;  their  diacoTeiy  bj  Mai- 
pighi  and  Leeawoohoclc — Hewaon'^  researchiM — Sifs  of  the  discs  in 
Tarioua  animalB — The  nucleus — Tbe  colourlesa  corpusoloa :  analog? 
betnecD  tbem  and  tho  AmiEbte — What  is  an  Amceba  f — The  paraaita 
which  Uvea  In  our  blood — Development  of  blood-calls — la  the  blood 
aiivo! — Coagulation  and  its  oanae — Chemical  compoaition  of  tha 
blood— Variations  of,  in  difiarant  people— DifferwiMS  between  aiteritJ, 
and  venous  blood — Tho  gBju»  Ihsy  contain— Causa  of  the  chaDgo  of 
coloiu^ — The  marvel  of  the  ciroulation — Qoantity  of  our  blood — Blood- 
lotting — Transfuuon  :  history  of  tha  attempts  ;  when  it  ma;  be  sue- 
ceaafally  employed — Blood  does  jml  form  tho  organs —ViTiftiing 
elements  of  blood  :  arterial  nourishes,  and  venous  eicitas  the  tissues 
— Oxygen  as  a  condition  of  nutrition— How  doaa  tha  blood  nourish  ? 
— Each  organ  datanQining  the  nutrition  of  the  rest — Relation  be- 


tween oirculatlon  and  asaimilation. 


Blood  is  a  mighty  river  of  life.     It  is  the  mysterious 
itre  of  chemical  and  vital  actions  as  wonderful  as 
ly  are  indispensable,  soliciting  our  attention  no  lesa 
the  many  protlema  offered  to  speculative  ingenuity, 
lan  by  the  important  practical  conclusions  to  which 
^deas  respecting  the  Blood  necessarily  lead.  By  some 
{<&e  Blood  is  regarded  as  the  source  of  all  diseMes,  and 
T  2 
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to  "  purify  the  Blood"  is  the  object  of  their  treatment 
Many  quacks  seize  on  this  notion,  and  in  sublime  ignor- 
ance of  the  nature  of  the  Blood  they  profess  to  purify, 
and  of  the  means  by  wMch  their  drags  could  possibly  , 
purify  it,  make  fortunes  out  of  the  credulity  of  the  pub- 
lic   I  would  ■warn  my  readers  at  the  outset  against  ibis 
notion  of  "  purifying"  their  Blood.    Not  that  the  Blood 
is  always  healthy  and  pure,  free  from  hurtful  substances, 
and  rich  in  needful  substances ;  but  Nature  herself 
takea  this  purification  in  hand,  whenever  it  ia  pos-J 
sible — or,  to  speak  less  ambiguously,  the  organic  pro 
ceases  upon  which  our  existence  depends  for  ita  co& 
tinuancQ  are  themselves  the  means  by  which  the  Blooi 
is  kept  at   its  proper    standard,   hurtful   substancea 
removed,  and  needful  substances  carried  to  it. 
Blood  is  not  lite  a  river  into  which  anything,  an^ 
in   any  amount,   may  be  introduced   from  withoutj 
It  gets  rid  of,  or  destroys,  all  substances  which  do  not 
form  part  and  parcel  of  its  own  structure ;  or,  fail- 
ing in   that,  it  ceases  to  act  as  living  blood.     And 
of  those  substances  which  form  part  and  parcel  o 
structure,  it  will  only  take  up,  or  retain,  certMn  dei 
nite  quantities — the  surplus  is  rapidly  got  rid  of.    Let] 
a  man  drink  gallons  of  water,  and  his  blood  will  i 
be  more  watery  than  before.     Let  him  take  quantities 
of  salt,  and  his  blood  will  not  be  more  saline.    In  the] 
incessant  changes  which  take  place  within  the  circulat  J 
ing  system,  the  Elood  itself  constantly  tends  towai 
uniformity  of  composition. 

Nor  is  this  alL    On  tlie  supposition  that  we  couldl 
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"purify  the  blood"  of  a  diseased  patient,  nothing 
would  be  gained  by  it,  as  respects  hia  cure  ;  for  the 
mdady  under  which  he  labours  does  not  he  in  the 
blood,  but  in  the  tissues  ;  and  when  they  are  in  a  dis- 
eased condition,  it  is  of  no  use  to  present  them  with 
purer  blood;  because,  althongh  they  take  from  the 
blood  all  the  materials  for  their  nutrition,  they  can  only 
take  such  as  their  condition,  allows.  But  we  shall 
explain  this  more  fully  hereafter. 

This  river  of  Life  is  impetuously  rushing  through 
every  part  of  the  body,  by  means  of  an  elaborate  net- 
work of  canals.  In  the  course  of  the  year,  these  canals 
carry  not  less  than  three  thousand  pounds'  weight  of 
nutritive  material  to  the  various  tissues,  and  three 
thousand  pounds'  weight  of  wasted  material /rom  the 


At  every  moment  of  oar  lives  there  is  something 
like  ten  pounds  of  Blood  rushing  along  in  one  uninter- 
rupted throbbing  stream,  from  the  heart  through  the 
great  arteries,  which  branch  and  branch  like  the 
boughs  of  a  tree,  the  vessels  becoming  smaller  and 
smtdler  as  they  subdivide,  tUl  they  are  invisible  to  the 
naked  eye,  and  are  then  called  capillaries  (hair-like 
vessels),  although  they  are  no  more  to  be  compared  in 
size  with  hairs,  than  bail's  are  to  be  compared  with 
cables.  These  capillaries  form  a  network  much  finer 
than  the  finest  lace — so  fine,  indeed,  that  if  we  pierce  the 
surface,  at  almost  any  part,  with  the  point  of  a  needle, 
we  open  one  of  these  vessels  and  let  out  its  contents. 
But  as  even  this  will  not  convey  an  idea  of  the  fine- 
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iiess  of  the  capillary  network,  we  will  give  a  figure  of 
the  vessels  on  the  surface  of  a  rabbit's  liver,  magnified 
eleven  times. 

This,  which  we  have 
copied  from  Virchow,  | 
shows  us  how  densely  I 
crowded  the  vessels  | 
are  ;  they  seem 
form  nearly  the  whole,  I 
bulk  of  the  liver. 

Through  the  walls  1 

of  these  capillaries,  the       '-■*'■•"■'"''  ULOvo-yiaesL,  ok  ta.  Lma. 

Blood  suffers  some  of  its  nutritive  material  to  ooze, 
receiving  in  exchange  the  worn-out  material  of  the  tis- 
sues. The  Blood  has  now  ceased  to  be  arterial,  Mid  has 
become  venous.  The  stream  continues  its  course  throuj^ 
the  veins,  which,  commencing  in  the  capillaries,  reverse 
the  arrangement  we  noticed  in  the  arteries,  and  become 
less  and  leas  numerous,  their  twigs  becoming  branches, 
Mid  their  branches  tnmlts,  tUl  they  reach  the  heatt. 

In  this  ceaselessly-circulating  stream  forty  or  more 
different  substances  are  hurried  along :  it  carries  gases, 
it  carries  salts,  it  carries  metals — nay,  it  carries  what 
may  be  called  soaps.  The  iron,  which  it  washes  on- 
wards, can  be  separated ;  and  Prof.  B^rard  used  to 
exhibit  a  lump  of  it  in  his  lecture-room — so  that  one 
ingenious  Frenchman  was  led  to  snggest  that  coins 
should  be  struck  from  the  metal  extracted  from  the 
blood  of  great  men  !  Lest  this  statement  should  mis- 
lead the  reader,  I  will  add  that  the  quantity  of  iron  in 
the  blood  is  extremely  small ;  but  as  the  quantity  of 
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blood  is  large,  and  is  perpetually  being  renewed,  it 
affords  the  chemist  the  means  of  extracting  a  lump  of 

from  it 
'    Let  Qs  now  examine  the  principal  constituents  of 
this  organic   structure — first  its   solid,  and  then  its 
liquid  parts. 

1.  The  Blood-discs,  —  Although  to  the  naked  eye 
the  blood  appears  a  simple  Huid,  having  a  coJoar 
more  or  less  scarlet,  the  microscope  assures  us  that  it 
is  a  fluid  which  carries  certain  solid .  bodies  of  definite 
shape  and  size — so  definite,  indeed,  that  a  mere  stain, 
no  matter  where,  will,  to  the  experienced  eye,  betray 
whether  it  be  the  blood  of  a  mammal,  a  bird,  a  reptile, 
or  a  flsh. 

Prick  your  finger  with  a  needle,  place  the  drop  on 
the  glass-slide  under  your  microscope,  cover  it  with  a 
thin  glass,  and  look.  You  will  be  surprised,  perhaps, 
to  observe  that  the  blood  f'e-  ^• 

which  had  so  deep  a  tint 
of  scarlet  in  the  mass,  is 
of  a  paie  reddish  yellow, 
now  that  it  is  spread  out  i 
on  the  slide ;  whereupon  I 
yoa  conclude  that  the 
depth  of  tint  arose  from 
the  dense  aggregation  of 

I  those  reddish-yellow  discs,  biood-iiucb. 

I  which  you  observe  scattered  about,  some  of  them  stick- 

1  ing  together,  and  presenting  the  appearance  of  pOes  of 

\  half-sovereigna 

It  is  these  "floating  solids"  of  the  blood  upon  which 


your  attention  must  now  be  fixed-  They  are  variously!! 
named  Blood-corpuscles,  Blood-globules,  Bloc 
and  Blood-discs.  It  is  a  pity  that  one  term  is  i 
finally  adopted ;  and  blood-diacs  seems  on  the  wh 
the  best,  as  being  descriptive,  without  involving  t 
hypothesis.  Meanwhile,  -since  physiologists  nse  i 
these  terras,  the  reader  must  be  prepared  to  mee 
with  all. 

The  first  person  who  saw  these  blood-discs  was  a 
doubtfidly  Swammerdamm,  in  1658  ;  but  as  bis  obse 
vationa  were  not  published  till  a  century  s 
and  as  in   Science  priority  can  only  : 
awarded  to  him  who  first  publishes,  the  title  of  d 
coverer  is  given  to  Malpighi,  who  saw  and  describe 
them  in  the  blood  of  a  hedgehog  in  1661. 
them,  but  did  not  understand  them.     They  appea 
to  him  to  be  only  globules  of  fat 

The  commencement  of  accurate  knowledge  t 
from  Leenwenhoek,  who,  in  1673,  detected  them  i 
human  blood.  "These  particles,"  he  says,  ' 
miirate,  that  one  hundred  of  them  placed  side  by  sid< 
would  not  equal  the  diameter  of  a  common  grain  o 
sand  ;  consequently,  a  grain  of  sand  is  above  a  "til lint 
times  the  size  of  one  such  globule."  * 

We  have  now  the  exact  measurement  of  these  d 
which  was  not  possible  in  his  day.    Extending 
observations,   Leeuweuhoek  found  that  in  birds  i 
fishes,  as  woUas  in  qua<lrupcds,  ihecolour  of  the  bloc 
was  dno  to  these  discs.     He  seems  to  have  been  pui 
•  Leeuwensoek  ;  Selat  n'orii,  i. 


zled  by  the  fact,  that  in  fishes  the  discs  are  not  round, 
but  oval ;  and  he  at  first  attributed  this  to  the  com- 
pression exercised  by  the  vessels.  It  is  instnictiTe  to 
hear  him  confess  that  he  could  not  persuade  himself 
"that  the  natural  shape  of  the  particles  of  blood  in 
fishes  was  aa  oval ;  for  inasmnch  as  a  spherical  seemed 
to  me  the  more  perfect  form."  "  He  was  too  good  an 
observer,  however,  to  permit  snch  metApI^dcal  con- 
ceptions long  to  mask  the  trath,  and,  accordin^y,  he 
described  and  figured  the  blood-discs  in  the  fish  aa 
oval-f- 
it is  to  Hewson  that  science  is  indebted  for  the  most 
accurate  imd  exhaustive  investigation  of  the  blood 
■which  has  been  made  from  1770  down  to  our  own 
time ;  and  it  has  been  even  asserted  by  one  whose 
word  is  an  authority.t  that  Hewson's  works  contain  the 
germ  of  all  the  discoveries  made  in  onr  own  day. 

There  is  something  at  once  painful  and  instructive 
in  the  fact,  that,  after  the  publication  of  researches  so 
precise  and  important  as  those  of  Leeuwenhoek  and 
Hewson,  the  whole  subject  should  have  been  suffered 
for  many  years  to  lapse  into  i^orant  neglect ;  and  in- 
stead of  any  progress  being  made,  we  find  the  most 
eminent  physiologists  at  the  beginning  of  the  present 
century  (Eicherand  and  Majendie,  for  example)  deny- 

•  Leectoenhoek,  Select  Wortt,  iL  2S3. 

f  In  the  larra  of  ths  Epktntrm  tho  blood-disc*  are  a>  oearif  U  pm- 
eiblB  oat-ahnped. 

X  MiLKE  Edwabdb:  Lvom  1ST  la  J'h/t.  tl  FAnat.  Comp.,  L  44. 
Tbe  workH  of  HBWSOiT  liaTe  baen  edited,  aod  Id  a  nrf  nkahU 
b;  Mr  Gdllivbb,  for  the  "  B^denhain  Sodetr.' 


ing  positively  that  the  blood-discs  existed,  or  that  the  ] 
microaeope could  tell  us  anythiug about  them*  Never-  ' 
theless,  there  is  not  an  amateur  of  the  present  day  who  J 
is  not  familiar  with  them.  Science  ha«  carefully  regis*  J 
tered  the  exact  measurements  and  forms  of  thes^ 
discs,  in  upwards  of  five  hundred  different  species  ( 
animals. 

Contempt  of  microscopic  research  seriously  retarded 
the  progress  of  Physiology ;  it  has  its  parallel  in  i 
similar  contempt  inspired  by  the  great  Linnteus  i 
speeting  the  application  of  the  microscope  to  1 
and  as  the  physiologista  of  this  century  have  had  t 
rediscover  what  was  known  to  Leeuwenhoek  and  Hew-'l 
son,  so  also  have  the  botanists  had  to  rediscover  what  \ 
was  familiar  to  MalpighL 

2.  Influence  of  the  Form  of  the  Discs. — There  must^ 
assuredly  be  some  relation  between  the  form,  and  «i 
of  these  discs  and  their  function  ;  but  what  that  re 
tion  is,  no  one  has  yet  made  out.  In  general,  tht 
larger  discs  are  found  in  the  less  advanced  organisms  S 
that  is  to  say,  they  are  larger  in  the  embryo  than  i 
the  adult,  larger  in  birds  than  in  mammals,  larger  ii 
reptiles  and  fishes  than  in  birds.  But  they  are  largea 
of  all  in  the  Tiiton  and  Proteus,  which  being  rej 
are  exceptions  to  this  rule.  Nor  can  the  rule  be  t; 
absolately,  even  within  those  limits  we  have  named 
since  although  reptiles  aie  less  advanced  in  orgai 

'  MiLRE  EDWAKD3  notioes  a.  aimilor  denial  made  b;  M.  GucoiO 
atthe  Pisa  Congresi  of  BoientiGc  men  in  1839~a  denial 
tended  to  be  based  on  originftl  inveMJgstions. 
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tion  than  mammals,  and  have  larger  discs,  it  is  not  the 
least  advanced  among  the  Tnammalc  that  bare  the 
largest  discs ; — for  inslance,  the  nnninanta  are  learn 
advanced  than  the  quadmmana,  ;et  amo 
the  raminants  have  the  smaUest  discs ; 
they  are  as  large  as  in  rodents.* 

3.  Structure  of  the  Discs. — ^The  atmetiiTe  ti  Aae 
bodies  is  necessarily  difBcult  of  study, 
and  others,  observed  that  in  the  discs  of  the  I 
reptile  there  is  always  a  central  spat,  wlaA  i 
dark,  or  clear,  according  as  it  is  viewed  bf  ttaamaUid, 

reflected,  ligbt^  This  appearance  wm  iiilujilflJ  a* 
indicating  a  hole  in  the  discs,  vhlch  mde  thca  ■»> 
semble  quoits.  Bat  Hewson  settled  the  psot  hf 
proving  the  central  spot  to  be  a  solid  uttdeKM,  wlicfc 
he  saw  escaping  from  its  envelope,  and  floating  bee  is 
the  liquid — an  observation  subsequently  eoofinKd 

It  is  worthy  of  remark  that  this  nuclens  is  seen  with 
difBculty  when  the  blood  is  newly  drawn  frcm  a  resad, 
although  it  speedily  becomes  distinct,  especially  if  » 
little  water  be  added.  This  has  led  Valentin,  Wagner, 
Henle,  Bonders,  and  Moleschott  to  the  coDclusion  that 
the  nucleus  ia  not  present  in  living  discs,  but  arises 
from  internal  coagulation  on  exposure  of  the  discs  to 
the  air  :  a  conclusion  rejected  by  Mayer  and  Kolliker, 
the  former  averring  that  he  has  seen  the  nucleus  while 

n  man  thair  diomator  tar>«a  Uiwtn  ,1,,  »cid  ,An  of  nn  inch  ; 
aDd  their  aTOrago  iticknaM  h  ,,i«  </  u  ioeh.  Tierokot  cMbutei 
thMiEBt<™tTl»ofacoWBiD*->,tr^,r,.-i,„^,.,„fl,f)KS,OOOoftlw«o 
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the  blood-dises  were  still  circulating  in  the  capillaries 

of  a  young  frog's  foot.     I  have  not  been  t 

this  in  the  large  discs  of  the  Triton,  and  know  not  H 

Mayer's  obseiration  has  been  confirmed  by  any  othei 

microscopist. 

The  most  perfect  opportunity  I  ever  enjoyed  of  see* 
ing  the  nucleus,  under  the  circumstances  mentioned 
by  Mayer,  was  with  Professor  von  Siebold,  when  ( 
aminicg  the  gills  of  the  embryo  of  Salamandra  atr 
This  salamander  brings  forth  its  young  alive  ;  but  11 
lives  high  up  in  the  inouutains,  out  of  the  reach  c 
water,  and  its  young  would  perish  were  they  to  com 
into  the  world  like  the  young  of  other  salamandersJ 
namely,   as   tadpoles.      Instead,   therefore,   of   goin 
through  its  metamorphoses  in  the  water,  the  youi 
Salamandra  atra  goes  through  them  in  its  mother'a| 
body,  and  is  bom  with  perfect  lungs,  and  without  g 
Professor  von  Siebold  removed  two  or  three  ( 
young  ones  before  they  had  completed  their  metamop) 
phoaes,  while  therefore  they  were  still  in  the  tadpolfll 
state ;  and  the  elegant  appearance  under  the  micro 
scope  of  their  long  delicate  gills,  like  gelatinous  feni-4 
leaves,  was  exquisite.     The  excessive  transparency  ( 
these  gills  rendered  out  observation  of  the  circulation 
peculiarly  favourable ;   but  although  I  gave   specaal 
attention  to  it,  I  could  not  detect  the  nucleus. 

But  there  are  other  grounds  on  which  I  should  1 
disposed  to  accept  the  fact  of  the  nucleus  being  noi 
tnally  present,  and  not  simply  the  result  of  c 
tion :   the  chief  of  these  is,  that  in  the  embiyo  i 
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singular  animaL  it  is.  Eilharz  describes  it,  under  the 
name  of  Distoma  hcBmatohium,  as  3  double  animal,  the 
sexes  being  perfectly  separate,  the  male  lod^ng  the 
female  in  a  sort  of  tube  extending  along  its  stomach. 
With  two  heads  and  two  tails,  it  seems  only  to  have 
one  body.  This  specimen  of  "two  single  parasites 
rolled  into  one,"  is  only  found  in  the  blood  of  man, 
and  is  as  limited  in  its  choice  of  a  home  as  the  parasite 
which  finds  a  home  in  the  brain  of  the  sheep  (produc- 
ing there  the  "  staggersj"  well  known  to  farmers),  or 
the  parasite  which  gives  pigs  the  "  measles."  * 

The  colourless  corpuscles  are  not  numeroas  in  healthy 
human  blood,  and  play  but  a  secondary  part,  unless  we 
assume,  with  many  physiologists,  that  they  are  the  early 
stage  of  the  red-discs.  Professor  Draper  speaks  unhe- 
sitatingly to  this  effect.  He  says  there  are  three  periods 
in  the  history  of  our  blood-cells.  Those  of  the  first 
period  originate  simultaneously  with,  or  even  previously 
to,  the  heart — these  are  the  embryonal  cells  wMch  are 
colourless  and  nucleated.  These  becoming  liquid  inter- 
nally, are  developed  iato  the  cells  of  the  second  period, 
which  are  red,  nucleated,  and  oval,  like  the  normal  cells 
of  reptiles.  The  cells  of  the  third  period  replace  these, 
■'  the  transition  being  clearly  connected  with  the  pro- 
duction of  lymph  and  chyle  corpuscles."  This  change 
takes  place  at  the  close  of  the  second  month  of  fcetol 
life ;  and  from  henceforwards  no  change  is  observable  ; 
the  cells  continue  to  be  red,  bi-concave,  non-nucleated, 
and  circular.  "  The  cell  of  the  first  period  is  therefor© 
*  BilBabz  in  SiEBDLD  6.  ICoLUEEB'd  ZtiUdir\fl,  ISffi,  p,  207. 
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spherical,  ■white,  and  nucleated ;  that  of  the  second, 
red,  disc-shaped,  and  nudeated  ;  that  of  the  third,  red, 
diac-shaped,  bi-concave,  and  non-nudeated.  The  pri- 
mordial cell  advances  to  development  in  different  orders 
of  living  beings.  The  blood  of  the  invertebrated  ani- 
maJs  contains  coarse  granule- cells,  which  pass  forward 
to  the  condition  of  fine  granule -cells,  and  reach  the 
utmost  perfection  they  are  there  to  attain  in  the  col- 
ourless nudeated  cell  of  tlie  first  period  of  man.  In 
oviparous  vertebrated  animals,  the  development  is  car- 
ried a  step  further,  the  red  nucleated  cell  arising,  and 
in  them  it  stops  at  this,  the  second  period.  In  mam- 
mals the  third  stage  is  reached  in  the  red  non-nucle- 
ated disc,  which  is  therefore  the  most  perfect  form."  * 

The  resemblance  here  indicated  between  the  transi- 
tory forms  of  the  blood  in  the  higher  animals,  and  the 
permanent  forms  of  the  blood  in  the  lower  animals, 
points  at  a  hidden  law  of  organic  combination  which 
will  perhaps  one  day  be  detected,  and  which  will  effect 
for  Biology  as  much  aa  the  law  of  definite  proportions 
has  effected  for  Chemistry.  No  one  can  have  studied 
the  development  of  animals,  without  being  profoundly 
impressed  with  the  conviction  that  there  is  something 
deeper  than  coincidence  in  the  recurrence  of  those 
forms,  however  transitory,  which  characterise  the  per- 
manent condition  of  some  anLmals  simpler  in  organ- 
isation. 

The  colourless  corpuscles  are  found  by  Molesdiott 
to  be  far  more  numerous  in  children  than  in  adults. 


THE  BTBUCTURE  AND  USES  OF  OUR  BLOOD. 

The  difference  between  the  blood  of  youth,  manhood, 
and  old  age,  is  but  trifling  ;  yet  there  is  a  continual 
decrease  with  age.  Women,  when  iu  their,  ordin- 
ary condition,  have  fewer  corpuscles  than  men ;  but 
during  pregnancy,  and  other  periods,  the  quantity 
increases,  without,  howeTer,  reaching  that  in  tlie 
blood  of  childreit  Albuminous  food  increases  the 
quantity.* 

5.  Is  the  Blood  alive  ? — After  making  ourselves  ac- 
quainted with  these  blood-cella  and  their  history,  which 
even  tlie  amateur  may  do  with  pleasure  and  profit,  we 
shall  have  to  meet  the  question — Is  the  blood  alive  / — 
a  question  often  debated,  and  not  without  its  interest 
to  the  speculative  mind,  Harvey  t  held  the  blood  to 
be  the  "  primigenial  and  principal  part,  because  that 
in  and  from  it  the  fountain  of  motion  and  pulsation  ia 
derived ;  also  because  the  animal  heat  or  vital  spirit  is 
first  radicated  and  implanted,  and  the  soule  takes  up 
her  mansion  in  it"  We  see  here  the  influence  of  the 
ancient  philosophy.  Harvey  further  declares,  "  Life 
consists  in  the  blood  (as  we  read  in  Holy  Scripture), 
because  in  it  the  Life  and  Soide  do  first  dawn  and 
last  set.  .  .  .  The  blood  is  the  genital  part,  the  foun- 
tain of  Life,  primum  viveiis,  ultimvm,  moriens." 

Harvey's  views  were  taken  up,  with  modifications, 
and  argued  earnestly  by  Hunter,  in  his  celebrated  work 
On  the  Blood.     The  constant  objection  urged  against 

•  Wion/r  Mti.  Wodf^tarifl,  1S51.     No.  8. 

+  HAnTi[T;  Anatomical  EzercHatiain  ainrtniing  lie  Geniraiiim  0/ 
Lipids  Creaiura,  1G63,    Exo.  51,  p.  276. 
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Hunter  by  his  contemporaries  and  successors,  was  tbeir 
inability  to  conceive  a  living  liquid;  but  Milne  Ed- 
wards meets  this  by  saying  that  it  is  not  the  liquid 
which  is  alive,  but  the  cells  floating  in  that  liquid, 
and  these  he  regards  as  organisras. 

The  reader  must  feel  that  the  discussion  of  such  a 
question  cannot  be  brought  to  an  issue,  unless  preceded 
by  an  accurate  definition  of  the  terms  employed.  What 
is  meant  by  the  blood  being  alive  ?  If  it  be  meant 
that  an  organic  structure,  having  a  specific  composi- 
tion, and  passing  through  a  de&iite  cycle  of  changes — 
such  as  Birth,  Growth,  Deyelopment,  and  Death,  can 
truly  be  said  to  live,  then  blood,  which  manifests  these 
eminent  phenomena  of  life,  must  be  pronounced  to  be 
alive. 

This,  however,  no  one  would  thuilt  of  denying.  But 
if  it  be  meant  that  blood  has  an  independent  vitality, 
unlike  the  vitahty  of  any  other  tissue,  a  vitality  which 
can  be  manifested  apart  from  the  organism,  the  opinion 
seems  wholly  untenable.  Elood  is  vital,  and  has  vital 
properties  ;  but  so  has  every  tissue  of  the  body,  and 
in  no  sense  can  we  attribute  to  it  independent  life. 

6.  Tlie  liquid  Plasma  of  the  £^ood.— Having  touched 
upon  the  floating  solids,  we  must  now  direct  attention 
to  the  liquid  in  which  they  float.  This  is  called  the 
plasma,  or  liquor  of  the  blood — liquor  sanguinis. 

Although  this  plasma  is  perfectly  liquid  when  in  the 
vessels,  yet  no  sooner  does  it  pour  from  them,  than 
there  separates  from  it  a  sort  of  jelly,  leaving  behind 
a  yellow  fluid     This  jelly-like  mass  is  Fibrine ;  the 


yellow  fluid  is  the  serum.  As  the  Fibrino  separates, 
and  becomes  solid,  it  entraps  some  of  the  red-discs  in 
its  meshes,  and  the  two  are  then  named  the  dot.  The 
process  of  becoming  solid  is  called  coagulation. 

The  following  figure,  copied  from  Virchow,  repre- 
sents   the    aspect  „. 
of  this  coagula 
Fibrine,  magnified 
280  times.     At  c  , 
the  discs  may  bo  j 
observed     entrap- 
ped in  the  meshes. 
The  Fibrine  itself 
takes  the  form  of                        p«hin«. 
fine  and  broad  fibres,  as  seen  at  a  and  6. 

The  fact  of  coagulation  has  always  been  known  j 
indeed,  it  could  not  have  escaped  observation,  being 
the  almost  constant  result  of  exposure  of  blood  to  the 
air.  The  blood  of  all  vertebrate,  and  many  inverte- 
brate animals,  has  this  property ;  but  having  observed 
in  several  of  the  MoUusca  that  no  coagulation  takes 
place,  I  propose,  when  my  researches  are  finished, 
to  draw  up  a  list  of  all  the  animals  which  are  thn3 
excepted  from  the  general  law,  hoping  that  these  data 
will  furnish  some  interesting  result. 

Although  the  fact  was  known  to  the  ancients,  it  was 
only  in  the  l7th  century  that  this  coagulation  was 
discovered  to  be  dependent  on  the  solidification  of  a 
peculiar  substance.     Malpighi*  washed  the  clot  free 

•  MiLFlaai ;  Optra  Oimiio,  1(566,  p.  123  ;  cited  by  Milke  EdW4BD8, 
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from  its  discs,  and  found  that  the  remaining  substance 
was  a  mass  of  white  fibres.  BorelJi,  at  the  same  epoch, 
declared  this  substance  to  be  liquid  in  the  blood,  and 
that  it  coagulated  spontaneously  when  the  blood  was 
drawn  from  the  veins.  Euysch  discovered  that  by 
whipping  the  blood,  as  it  poured  out,  the  whipping 
twigs  were  covered  with  a  mass  of  white  elastic  fila- 
ments, exactly  similar  to  that  which  was  got  in  wash- 
ing the  clot  free  of  its  discs. 

This  Bubstanc*  was  named  Fibrine  by  Fonrcroy, 
and  it  was  universally  believed  to  be  identical  with  the 
Bubatance  of  muscular  fibre.  The  idea  was  too  plaus- 
ible not  to  be  at  once  accepted.  The  formation  of 
muscle-fibres  from  fibrine  seemed  the  easiest  thing  in 
the  world ;  although  really,  when  the  idea  comes  to 
be  closely  examined,  it  is  as  wide  a  departure  from  all 
that  we  know  of  the  foiination  of  muscle,  as  the  notion 
of  eating  brains  to  get  more  brains,  or  diinking  milk 
to  make  m\]k,  We  now  know  that  blood-fibrine  is  not 
the  same  substance  as  muscle-fibrine  (which  is  called 
miisculine,  or  si/ntoniii),  and  we  know  that  muscles 
are  not  formed  by  this  spontaneous  coagulation. 

What  fibrine  is,  whence  it  comes,  and  what  purpose 
it  subserves,  are  questions  upon  which  science  is  at 
present  so  far  from  settled  that  I  shall  say  nothing 
here  about  them.  * 

*  The  student  wiE  do  wall  to  oonault  Simon  :  Ledarei  on  Fathotogg, 
p.  49  el  >eq.  Bbown  -  Sequard's  Jcmraat,  i.  p.  2Sd.  Bhucek: 
UeUr  die  Ursache  der  Gerin^ting  dea  Blatei  in  the  Archiv  f&T  jialk 
Amit.  liL  81.  VmOHow:  CeU-ularpat/uiloffie,  liS.  BersabD:  Li- 
jKufu  de  tOrganiime,  i.  io5,  iSS-Sj  oad  tlia  works  alrcadj  oitad  of 
Llbhann,  Muldeb,  and  Milnd  EcwAEtna. 


There  ia  one  point,  however,  which  must  be  noticed;! 
It  has  been  universally  held  that  the  coagulation  waal 
simply  the  aolidiiicatioii  of  the  liquid  Fibrine,     K»  ' 
can  there  be  any  doubt  but  that  the  chief  part  ia  played 
by  the  Fibrine.     Nevertheless,  some  observations  of 
Claude  Bernard  tend  to  show  that  the  blood  emtirely 
deprived  of  its  fibrine   can  and  will  coagulate.     He 
whipped  out  ail  the  fibrine  from  some  blood,  and  found  fl 
that,  even  when  it  was  impossible  to  get  any  more,  the  fl 
blood  subsequently  coagulated.     He  found,  moreover, 
that  the  blood  of  the  veins  from  the  kidneys  containa 
no  fibrine,  yet  it  coagulates.    And  he  reminds  us  that 
pancreatic  juice  sometimes  shows  a  kind  of  coagulation 
which  cannot  be  attributed  to  the  fibrine.  * 

While  it  thus  seems  as  if  blood  could  coagulate   \ 
without  fibrine,  it  is  known  that  blood  will  sometimeB   ' 
not  coagulate  even  when  its  fibrine  may  be  a 
to  be  present.   Thus  Dr  Richardson,  to  whose  valuable 
researches  this  question  la  greatly  indebted,  informs  I 
us  that  "  Morgagni  had  described  the  blood  as  quite  i 
fluid  after  death  in  only  four  cases ;  all  these  were  I 
cases  in  which  death  ensued  from  slow  arrest  of  thfffl 
respiratioa     Drs  Peters,  Goldsmith,  and  Moses,  thre^fl 
American  physicians,  have  published  a  report  c 
appearance  of  the  blood  in  20  cases  of  death  resultin] 
from  the  excessive  use  of  ardent  spirits.    In  every  caM 
the  blood  was  fiuid  and  dark,  was  of  a  cherry-juic« 
appearance,  and  showed  no  tendency  to  coagulate, 
deaths  from  narcotic  poisons,  from  delirium  tremeni 

*  BeskaRS  :  Liqvida  dt  I'Ori/aHitmt,  i.  418,  iSS. 
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typhoid  fever,  and  yellow  fever,  the  blood  is  generally 
described  as  thin  and  uncoagulable. '  Dr  John  Davy 
found  the  blood  fluid  and  uncoagulable  on  exposure  in 
cases  of  drowning,  hanging,  suffocation  from  the  fumes 
of  burning  charcoal,  and  effusion  of  blood  into  the 
pulmonary  air-cells."  • 

I  said  that  we  might  assume  the  fibrins  of  the  blood 
to  be  present  in  these  cases,  although  it  It  certainly 
allowable  to  assume  that  it  may  not ;  but  in  the  fol- 
lowing curious  example  there  can  be  no  doubt  what- 
ever that  the  fibrine  is  present  Dr  Richardson  has 
obaetved,  that  not  only  is  the  blood  drawn  by  a  leech 
entirely  uncoagulable,  but  that  the  bite  of  the  leech 
seems  to  affect  even  the  blood  remaining  in  the  bitten 
vessels ;  since  that  blood  continues  to  flow  much  longer 
from  the  wound,  than  from  a  wound  made  by  the 
lancet ;  and  this,  he  thinks,  can  only  be  because  the 
wound  is  not  stopped  up  by  the  coagulation. 

7.  Cause  of  the  Coagulation. — ^Why  does  the  blood 
coagulate  out  of  the  vessels,  and  not  in  them  ?  The 
question  has  frequently  been  put,  and  answered  in 
very  contradictory  terms.  In  the  form  in  which  it 
is  often  put,  it  seems  not  leas  idle  than  to  ask  why 
roses  have  thorns,  why  the  cohesion  of  iron  is  greater 
than  that  of  clay,  or  why  stupid  querists  are  not  enter- 
taining companions  E  Fibrine  coagulates  because  it  is 
the  property  of  fibrine  to  coagulate,  and  would  always 
do  BO  spontaneously,  were  there  not  some  obstacle 
present  We  may  study  the  conditions  which  assist, 
•RIC3ABDSOH;  Tlii  Cauit  of  lite  Coasvlatian  of  iht  Blood,  l^f^  -  ^*. 
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and  the  conditions  which  arrest  this  tendency,  but  i6 
ia  hopeless  to  inquire  into  the  cause  of  the  tendency. 

It  is  said  that  the  blood  would  remain  fluid  were 
there  no  fibrine  present ;  but  thia  fibrine  has  a  sponta- 
neous tendency  to  coagulate,  which  can  only  be  pre- 
vented by  the  presence  of  some  solvent.  What  is  that 
solvent  ?  The  researches  of  Dr  Richardson  satisfac- 
torUy  establish  some  points  which  go  very  far  towards 
a  demonstration  of  the  true  cause,  namely,  the  presence 
of  ammonia  in  the  blood  He  shows,  in  the  first  place, 
that  ammonia  does  preserve  the  fluidity  of  the  bloodj 
if  it  be  present  in  quantities  amounting  to  1  in  8000 
parts  of  blood  containing  2.2  per  thousand  of  fibrine. 
He  shows,  in  the  second  place,  that  the  blood  does  nor- 
mally contain  this  volatile  alkali,  which  ia  rapidly  given 
oflf  during  coagulation.  And  he  shows,  moreover,  that 
the  causes  which  retard  coagulation  are  causes  which 
obstruct  the  giving  out  of  ammonia,  whereas  the  causes 
which /aj)o«r  the  giving  out  of  ammonia  hasten  tha 
process  of  coagulation.  Finally,  he  shows  that  if  the 
vapoiur  arising  from  blood  be  caught  in  a  vessel, 
then  passed  through  another  mass  of  blood,  the  coagu- 
lation of  this  second  mass  is  suspended  The  numerous 
and  ingenious  experiments  by  which  Dr  Eichardson 
has  established  these  important  propositions  must  be 
sought  in  his  work,  which  gained  the  Astley  Cooper 
prize. 

There  still  remain  some  difficulties,  however,  which 
are  not  cleared  up  by  this  hypothesis  :  I  refer  especially 
to  the  cases  in  which  the  blood  does  not  coagulate  in 
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WHAT   CADBE3   COAGDLATION  ? 

Bpite  of  exposure  to  the  air,  and  to  several  of  those 
mentioned  by  Briicke  in  the  memoir  pfeviously  cited, 

Briicke's  hypotheaia  is,  that  contact  with  the  living 
blood-veasels  is  the  necessary  condition  which  arrests 
the  spontaneous  tendency  to  coagulation.  The  blood 
of  a  carp,  he  says,  will  remain  nncoagulated  for  twenty- 
five  hours  in  contact  with  the  walls  of  the  blood-vessel ; 
but  if  a  glass  tube  be  inserted,  so  as  to  preserve  the 
blood  from  contact  with  the  walls,  all  the  blood  inside 
the  tube  coagulates  just  as  it  would  in  the  open  air. 
This  does  not  explain  why  the  blood  is  incoagulable 
after  death  from  suffocation,  typhus  fever,  &c.  In  fact, 
we  have  as  yet  no  demonstration  of  the  cause  sought, 
and  must  await  the  result  of  farther  researches. 

8.  Chemical  Composition  of  the  Blood.- — Before 
concluding  our  description  of  the  Wood,  we  must 
glance  at  its  chemical  composition  ;  for  if  the  micix)- 
Bcope  reveals  it  to  bo  far  from  a  simple  fluid,  chemical 
analysis  further  assures  us  that  it  contains  water,  salts, 
sugars,  fats,  and  albuminates.  In  spite,  however,  of 
numberless  analyses  made  with  the  greatest  care,  our 
present  knowledge  ia  only  approximative — a  rough 
estimate,  and  that  is  all ;  the  excessive  difficulty  of 
making  an  unexceptionable  analysis  being  acknow- 
ledged by  all  who  have  attempted  it.  We  know  tol- 
erably well  what  the  elementary  composition  is — that 
is  to  say,  how  many  atoms  of  carbon,  hydrogen,  &c. 
are  included  in  every  1000  parts ;  but  what  the  ira- 
mediate  composition  is— that  is  to  say,  in  what  forms 
these  atoms  exist  in  the  blood — we  do  not  know  so 
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■welL     The  elementary  composition  of  o 

s.  blood,  whel^H 

all  its  water 

la  removed,  is  as  follows  : — 

fl 

Carbon, 

519.50          H 

Hydrogen,     .... 

H 

NitTOge 

150.70         H 

Oxygen 

213.90        ^M 

Ashes, 

44.20         H 

1,000.00           ■ 

The  folio-wing  may  be  taken  as  the  nearest  approad^-H 

to  a  fable  of  the  substances  which  form  the  immediate  | 

composition 

of  every  lOOO  parts  of  human  blood  : —     M 

Water, 

784.00 

Albumen,       .... 

70.00 

Fibrine 

2.20 

Cells, 

Globulin,    . 

123.50 

Hiematin,  . 

7.50 

Cholesterine, 

0.08 

Cerebrinet 

0.40 

Seroline,    . 

0.02 

^^             Fats,   . 

Oleic  and  margaiic  acid, 

^^H 

Volatile  and  odorous  fatty 
acid. 

0.80 

^^^H 

Fat  containing  phosphorus, 

^^^^^^ 

Chloride  of  aodium,     . 

3.60 

^^^^H 

Chloride  of  potassium, 

0.36 

^^^^F 

Tribaaio  phosphate  of  soda 

0.2O 

^F                       Salts,  < 

Carbonate  of  soda. 

0.84 

Sulphate  of  soda. 

0.2S 

^1 

Phosphates  of  lime  and  mag 

^H 

nesia,     . 

0.25 

^_ 

Oxide  and  phosphate  of  iron 

0.50 

^^ 

^ 

a 

CHEMICAL   C0MF08ITI0H    OF   THE   BLOOD.         2S3 

Extract,  ealivary  matter,  urea,  col- 
ouiing  matter  of  bile,  accidental 
substances,         .  .  ,  .         5.47 

1,000.00 

In  this  tabie  sugar  is  omitted,  yet  we  know  that 
sugar,  in  varying  quantities,  always  exists  m  tlie  blood 
quitting  the  liver,  where  it  is  formed  fi-oni  albuminous 
matters,  and  is  also  generally  found  in  Hood  at  other 
parts  of  the  organism  ;  but,  because  this  sugar  rapidly 
undergoes  transformation  into  other  substances,  its 
amount  cannot  be  estimated. 

All  analyses  of  the  Blood  hitherto  have  been  only 
rough  estimates.  In  fact,  the  fluid  itself  is  constantly 
changing.  The  following  table,  drawn  up  by  Leh- 
uiaBQ,*  gives  the  results  of  analyses  of  the  aolid  red- 
discs,  and  the  fluid  or  liquor  sanguinis,  separately 
examined : — 


IQOQ parts  Red  Discs  are  composed  of— 

Water,       .... 

C88.00 

Solid  remains,    . 

312.00 

Specific  weight,     . 
Ha^matin, 

1.0885 
16.75, 

Globulin  and  cell  membrane, 
Fat,            .... 

282.22 
2.31 

Extractive  matters,     . 

2.60 

Mineral  substances,  excluding  i 

oil,t 

8.12 

■  LKHKiSH,  ii  131. 

+  Tha  iron  is  reckoned  witt  th 

hffima 

in. 
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Cblorine,             ....            1.686           | 

Sulphuric  acid, 

0.066           ■ 

Phosphoric  acid, 

H 

3.323           H 

Sodium,     . 

S 

Oxygen,     . 

0.667           H 

Phosphate  of  lime, 

H 

Phosphate  of  magnesia, 

■ 

lOOOparts  Liquor  Sanguinh  are  composed  of —        ^H 

Water,                 ....          902.90          ^| 

Solid  remains,    . 

97.10 

Specific  weight,    . 

1,028 

Fibrin,       . 

4.03 

Albumen, 

78.84 

rat,         ... 

1.72 

Extractive  matters,     . 

3.94 

Mineral  Bubatances,    . 

8.55 

Chlorine, 

3.644 

Snlpburio  acid,  . 

0.115 

Phosphoric  acid. 

0.191 

Potassium, 

0.323 

Sotlium,     . 

3,341 

Oxygen,    . 

0.403 

Phosphate  of  lime, 

0.311 

Phosphate  of  magnesia, 

0.232             ■ 

But,   granting  that    Chemistry  had   Gucceeded   iE^^I 
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VARIATIONS   IN    THE   BLOOD, 

nund  that  all  the  constitBeiits  vary  in  different  in- 
dividuals, and  in  different  states  of  the  same  indivi- 
dual. The  blood  of  no  two  men  ia  precisely  similar ; 
the  blood  of  the  same  man  is  not  precisely  similar  in 
disease  to  what  it  was  in  health,  or  at  different  epochs 
of  life. 

The  iron  which  circulates  in  the  veins  of  the  em- 
bryo, is  more  abundant  than  the  iron  in  the  veins  of 
the  mother ;  and  this  quantity  declines  after  birth,  to 
augment  again  at  puberty. 

The  fats  vary,  in  different  individuals,  from  1.4  to 
3,3  in  1000. 

The  blood-cells  vary  with  the  varying  health. 

The  albumen  fluctuates  from  60  to  70  parts  in 
lOOO,  the  proportion  being  greater  during  digestion. 

Tho  fibrine,  usually  amounting  to  about  3  in  a 
1000,  may  rise  as  high  as  7^,  or  fall  as  low  as  1. 

9.  Arterial  and  Venous  Blood. — Such  are  the  chief 
points  ascertained  respecting  the  blood  in  general.  We 
must  now  call  attention  to  the  different  kinds  of  blood 
in  the  different  parts  of  the  circulation  ;  for  although 
we  speak  of  "  the  blood"  as  if  it  were  always  one  and 
'he  same  thing,  it  is,  in  trutL,  a  system  of  various 
fluids,  a  confluence  of  streams,  each  more  or  less  differ- 
ing from  the  other. 

The  first  grand  division  is  familiar  to  all  men — 
namely,  that  of  venous  and  arterial  blood ;  the  former 
being  dark  purple — "  black  blood,"  as  it  is  called — the 
latter  bright  scarlet. 

To  many  it  will  seem  that  this  is  but  a  distinctio 


colour — a  distinction  so  easUy  effaced,  that  no  soonea 
does  the  dark  blood  come  in  contact  with  the  atmos- 
phere  than  it  brightens  into  scarlet     The  distinction 
of  colour  is,  however,  the  sign  of  an  important  differ- 
ence.    Between  the  two  fluids  a  profound  difference 
esista  ;  and  yet  the  venous  blood  has  only  to   pasa    I 
through  the  lungs  in  an  atmosphere  not  overcharged 
with  carbonic  acid,  and  at  once  it  becomes  transformed 
into  a  life-giving  fluid.     Wherefore  ?    Analysis  of  the 
two  detects  but  trifling  variationa  in  their  solids,  thd  | 
most  notable  being  the  larger  amount  of  red-discs  and  ] 
the  smaller  amount  of  fibrine  in  venous  blood     But 
in  their  gases  an  important  difference  is  detected     In 
both  there  are  nitrogen,  oxygen,  carbonic  acid,  and 
ammonia,  either  free,  or  combined  so  feebly  that  they  ] 
are  easily  disengaged     The  quantity  of  nitrogen  is 
much  the  same  in  both  ;  that  of  ammonia  probably 
does  not  vary,  but  the  oxygen  and  carbonic  acid  vaiy  I 
considerably.      Indeed,   there  is  a  notion  current  in 
popular  works  that  venous  blood  contains  carbonic^ 
acid,  and  arterial  blood  oxygen — that  being  the  differ 
ence  between  the  two  fluids.     But  the  physiologi 
knows  that  both  fluids  contain  large  amounts  of  hot 
gases,  the  difference  being  only  in  the  relative  amountd 
contained  in  each.     The  experiments  of  Magnus  wei 
for  a  long,  while  held  to  be  conclusive  of  the  opinioi 
that  arterial  blood  contained  absolutely  more  carbonic  " 
acid  than  venous  blood,  although  in  relation  to  tha   ' 
amount  of  oxygen  the  amount  was  less  ;  that,  in  short 
it  contained  more  of  both  gases,  but  the  larger  propoiJ 


THE   GASES    OF   THE   BLOOD. 

tion  of  oxygen  gave  it  its  distin  ction.  Eecent  investiga- 
tions have  considerably  shalien  tliis  conclusion,  but 
they  leave  unaltered  one  result — namely,  that  arterial 
blood  coutains  a  large  amount  of  carbonic  acid,  and  a 
still  larger  amount  of  oxygen.* 

Where  does  the  oxygen  come  from  ?  The  atmos- 
phere. Where  does  the  carbonic  acid  come  from  ? 
We  do  not  know.  The  most  generally  accepted  hypo- 
thesis is,  that  the  carbonic  acid  cornea  from  the  oxida- 
tion of  tissue.  On  this  point,  however,  the  evidence 
seems  to  me  extremely  defective,  but  as  I  dare  not 
venture  here  on  the  discussion,  I  will  content  myself 
with  stating  the  received  opinion,  referring  the  stu- 
dent to  Bernard's  latest  work  for  some  grounds  of 
doubt-f-  This  is  the  hypothesis  :  The  blood  which 
flows  to  the  tissues  is  scarlet,  but  in  the  capilkries  it 
parts  with  some  of  its  oxygen  ;  and  as  it  flows /rowi 
the  tissues  it  is  dark,  and  will  become  scarlet  again  on 
its  passage  through  the  lungs.  When  we  know  that 
arterial  blood  contains  carbonic  acid  as  well  as  oxy- 
gen, the  idea  suggests  itself,  that  on  parting  with 
some  of  this  oxygen  it  might  assume  the  dark  colour, 
owing  simply  to  the  carbonic  acid  retained ;  but 
this  idea  is  set  aside  by  the  fact  that  unless  an  ex- 
■  take  place,  no  oxygen  will  be  liberated.  The 
carbonic  acid  is  said  to  be  the  product  of  the  vital 
activity  of  the  tissues,  and  as  such  is  taken  up  by 

*  On  tbe  quantitj  of  gams  In  the  two  bloods,  see  Bernarh,  i.  367, 
+  BEHyiED:  LiquJdes  di  eOrsanisjiv!,  i.  338-346;  and  comparoRoBm 
it  Vebdeil  ;   Traits  de  CMmie  Anatomigue,  ii.  SG  ef  J^. 


ths  blood  in  exchange  for  its  oxygen ;  for  if  the  nervea  I 
whicli  supply  a  limb  be  cut,  and  vital  activity  be  thnj 
arrested,  the  current  of  blood  will  not  be  darkenet 
precisely  as  it  will  not  be   brightened  in  its   pas 
age  through  the  lungs,  if  there  be  a  surplus  of  c 
bonic  aoid  in  the  air.     The  experiments  of  Bruch* 
are  very  instructive  on  thia  point.      He  found  that  J 
blood  saturated  with  oxygen  became  darker  in  vacuOf  J 
wbOe  blood   saturated   with   carbonic  acid  did  not  I 
change  colour, 

"What  causes  the  change  of  colour  when  venous  blood  1 
is  submitted  to  oSygen  ?  Pormerly  it  was  held  to  be  J 
due  to  the  iron  in  the  discs  ;  but  the  iron  may  be  re-  I 
moved  without  this  removal  affecting  the  phenomenon;  1 
so  that  the  opinion  now  held  is  that  the  change  of  1 
colour  is  due  solely  to  the  difference  in  the/orm.  of  thorl 
discs,  which  become  hrighter  as  they  become  moitti 
concat'e,  and  darker  as  they  become  more  conueail 
Oxygen  renders  them  concave,  carbonic  add  renders  J 
them  convex. 

Arterial  blood  is  everywhere  the  same ;  it  ia  ou 
stream  perpetually  flowing  off  into  smaller  streams,  b 
always  the  same  fluid  in  its  minutest  rills  a 
larger  currents. 

Not  so  venous  blood.     That  is  a  confluence  of  many  I 
currents,  each  one  bringing  with  it  something  from  t] 
Boil  in  which  it  arises ;  the  streams  issuing  out  of  t 
muscles  biing  substances  unlike  those  issuing  out  i 
the  nervous  centres :  the  blood  which  hnrries  ont  t 
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the  intestiue  contains  substances  unlike  those  wHch 
hurry  out  of  the  liver. 

Not  only  is  venous  blood  different  in  different  parts 
of  the  body,  but  it  has  even  differences  of  colour :  it 
is  not  always  black,  it  is  sometimes  scarlet,  without," 
however,  ceasing  to  be  venous.  The  discovery  of  this 
curious  fact  is  due  to  Claude  Bernard,*  who  found  that, 
in  the  renal  veins,  during  the  activity  of  the  kidney, 
the  blood  is  always  scarlet,  and  black  during  the  repose 
of  that  organ.  He  has  extended  his  observation  to  the 
submajdllary and  parotid  glands;  and,  the  conclusion 
he  draws  is  this  :  while  the  venous  blood  from  the 
active  muscles  is  always  black,  the  blood  from  the 
secreting  glands,  when  active,  ia  always  acai-let ;  and 
vice  versa,  the  venous  blood  is  scarlet  in  the  muscles 
when  they  are  perfectly  quiet,  and  black  in  the  glands 
when  they  are  quiet  This  leads  Bernard  to  establish 
a  distinction  between  the  functional  and  mechanical 
activity  of  the  glands :  when  the  chemical  process  of 
forming  the  secretion  is  going  on,  he  considers  the 
gland  to  be  in  a  state  of  functional  activity,  and  then 
its  venous  blood  is  black ;  when  the  mechanical  pro- 
cess of  pouring  out  that  secretion  is  going  on,  he  con- 
aiders  the  gland  to  be  in  a  state  of  mechanical  activity, 
and  then  the  blood  ia  scarlet  Although  his  interest- 
ing experiments  open  a  new  field  of  speculation,  they 
are  far  from  having  satisfactorily  established  the  causa 
of  this  change  of  colom'. 

*  Himoire  la  i  FAca^Smit  da  Sdmca,  25th  Januarf  135S.     See  hii 
ir  lea  Llquida  di  rOrganUme,  1859;  and  BfioWK-SRQITABIl'a 
nal,  135S. 
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Disregarding  these  minor  variations,  we  may  i 
keep  to  the  broad  distinction  of  scarlet  and  black,  ; 
characteristic  of  arterial  and  venous  blood.  But  thesq^g 
variations  help  us  to  conceive  how,  while  aitflrial  Woe 
is  everywhere  the  sanae,  venous  blood  is  everywlw 
fluctuating  in  its  composition,  according  to  the  orgax 
from  which  it  comes. 

Wondrously  does  the  complex  machine  work  itffi 
many  purposes ;  the  roaring  loom  of  Life  is  never  fasl 
a  moment  still,  weaving  and  weaving, 

"  Gaburt  und  Grab, 


It  is  difficult  for  us  to  realise  to  ourselves  the  f 
of  this  incessant  torrent  of  confluent  streams  com 
through  every  part  of  our  bodies,  carrying  fresh  i 
to  feed  the  mighty  flame  of  life,  and  removing  all  ti 
ashes  which  the  flame  has  left.     Sudden  agitation,  s 
ting  the  heart  into  more  impetuous  movement, 
make  us  aware  that  it  is  throbbing  ceaselessly ;  or  4 
may  feel  it  beating  when  the  hand  is  accidentally  r 
ing  on  it  during  the  calm  hours  of  repose  ;  but  e 
then,  when  the  fact  of  the  heart's  beating   obtru^ 
itself  on  conaciousnesa,  we  do  not  mentally  pursue  i 
current  as  it  quits  the  heart  to  distribute  itself  to  Ij 
remotest  part  of  the  body,  and  thence  to  return  o 
more — we  do  not  follow  its  devious  paths,  and  thi 

•  "  Birth  and  the  graTe,  iin  efanial  ooean,  o,  chiiEgii 
([lowing  Ufa." — Fmut. 
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of  all  the  mysterious  actions  which  attend  its  course. 
If  for  a.  moment  we  could  with  the  bodily  eye  see 
iato  the  fr&me  of  man,  as  with  the  microscope  we 
see  into  the  transparent  &ames  of  some  simpler 
animals,  what  a  spectacle  would  be  unveiled !  Through 
complez  system  of  vessels  we  should  see  a 
leaping  torrent  of  blood,  carried  into  the  depths  and 
ovec  the  surfaces  of  all  the  organs,  with  amazing 
rapidity,  and  carried  from  the  depths  and  surfaces 
through  another  system  of  vessels,  back  again  to  the 
heart :  yet  in  spite  of  the  countless  channels  and  the 
crowded  complexity  of  the  tissues,  nowhere  should  we 
detect  any  confusion,  nowhere  any  failure.  Such  a 
spectacle  as  this  is  unveiled  to  the  mental  eye  alone, 
and  we  cannot  contemplate  it,  even  in  thought,  with- 
out a  thrilL 

10.  The  Quaiiiity  of  Blood. — It  is  a  natural  ques- 
tion, and  often  asked,  but  difficult  to  answer,  What 
quamHty  of  blood  circulates  every  minute  in  our 


Anything  like  an  accurate  answer  to  this  question  is 
rendered  impossible  by  the  fact  overlooked  by  most 
physiologists,  or  unknown  to  them,  that  the  blood  neces- 
sarOy  varies  in  quantity  every  hour.  I  was  surprised 
to  find  striking  differences  in  the  amount  of  blood 
which  flowed  from  two  deca.pitated  Tritons  of,  as 
nearly  as  possible,  the  same  size  ;  but  on  proceeding 
to  open  them,  I  found  the  one  animal  was  in  a 
state  of  active  digestion,  whereas  the  other  had  not 
eaten  for  a  long  while.     Since  this  note  was  mad^ 
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Clande  Bernard  has  published  his  experiments  ■ 
rabbits  and  dogs,  upoa  which  he  founds  the  etartlij 
opinion  that  the  blood  of  the  same  animal  may,  durinjf  | 
digestion,  amount  to  double  the  quantity  during  fast-<  I 
ing  ;*  for  he  finds  that  from  a  rabbit,  during  digestion, 
he  can  remove  30  grammes  of  blood  withont  1 
it ;  whereas  the  same  rabbit,  fasting,  is  killed  by  t 
removal  of  15  grammes.  The  knowledge  of  this  £ 
will  be  very  important  to  surgeons  about  to  perfOT 
any  operation  which  entails  considerable  loss  of  blood^^ 
and  it  points  also  to  the  eminent  advantage  thranrl 
would  be  in  giving  soldiers  a  hearty  meal  before  I 
battle. 

We  thua  perceive  that  no  estimate  can  pretend  torn 
he  very  accurate ;  nor  need  we  notice  those  whudS  J 
earlier  writers  have  given :  only  those  of  Lehmajts/I 
Weber,  and  Bischoff  now  command  general  attenti 
Lehmann  says  that  his  friend  Weber  aided  him  i 
determining  the  quantity  of  blood  in  two  decapitat64  J 
criminals.  The  quantity  which  escaped  was  thus  eBUxT 
mated :  Water  was  injected  into  the  vessels  of  i 
trunk  and  head,  until  the  fluid,  escaping  from  1 
veins,  had  only  a  pale  red  or  yellow  colour, 
quantity  of  blood  remaining  in  the  body  was  1 
calculated  by  instituting  a  comparison  between 
solid  residue  of  this  pale  red  aqueous  Suid  and  that  i 
the  blood  which  first  escaped.  The  living  body  of  o 
of  the  criminals  weighed  60.140  gramme3,f  after  dec 
pitation  54.600  grammes,  consequently  5.5iO  g 
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!  of  blood  had  escaped ;  28.560  grammes  of  this  blood 
yielded  fi.36'  of  solid  residue  ;    60.5  grammes  of  san- 
guineous water,  collected  after  the  injection,  yielded 
3.724  of  solid  substances.     There  were  collected  6050 
grammes  of  the  sanguineous  water  that  returned  from 
the  veins,  and  these  contained  37.24!  of  solid  residue, 
which  corresponds  to  1.980  grammes  of  blood.   Theesti- 
[  mate,  therefore,  turns  out  as  foJlowa  :    5,5  iO  grammes 
[  escaped  after  decapitation,  and  1.980  remained  in  the 
t  body,  thus  making  7.520  grammes ;  in  other  words,  the 
:  weight  of  the  "whole  blood  was  to  that  of  the  body 
1  nearly  in  the  ratio  of  1  to  8. 

It  is  obvious  from  the  account  of  the  experiment 
that  only  an  approximation  could  be  arrived  at.  And 
Bischoff's  more  recent  investiga.tions  on  the  body  of  a 
criminal,  carefully  weighed  before  and  after  decapita- 
tion, lead  to  the  conclusion  that  the  blood  amoimted  to 
9^  lb.,  or  exactly  one-fov/rteenth  of  the  whole  body.' 
This  nearly  corresponds  with  his  former  investigations, 
which  gave  the  weight  as  one-tbirteenth  of  the  whole 
body. 

If  we  aay  ten  pounds  for  an  adult  healthy  man,  we 
Bhall  probably  be  as  tfear  the  mark  as  possible.  The 
quantity,  however,  necessarily  varies  in  different  per- 
Bons,  aa  well  as  in  different  conditions,  and  seems  &om 
some  calculations  to  be  greater  in  women  than  in  men. 
In  the  Seal  its  quantity  is  enonDous,  surpassing  that 
of  all  other  animals,  man  included. 


•  Bbo  his  Memoir  in  SieboLDP.  KilLLiKEn  :  Zeitichrift,  li.  72.  Dbi- 
'  DBHHAtB  :  Dinpi.  crUiciett  trperimeniafa  de  langvini  quanlitale,  oiso 
I   arrlToa  at  a,  aamBflhut  almilar  retiulC. 


274        IBS  8THU0TDSE  ASD  DSBB  OF  OUB  BLOOD. 

11.  Bloodr-letting. — In  former  days,  blood-letting  w 
one  of  the  "heroic  arms"  of  medical  practice  ;  and  it  is 
sometimes  almost  appalling  to  read  of  the  exploits  of 
practitioners.  HaUer  mentions  the  ease  of  a  hysterical 
wonmn  who  waa  bled  one  thousand  and  twenty  times  in 
the  space  of  nineteen  years ;  and  a  girl  at  Pisa  ia  SMd  to 
have  been  bled  once  a^day,  or  once  every  other  day,  dur- 
ing several  years.  A  third  case  he  mentions  of  a  young 
man  who  lost  seventy-five  pounds  of  blood  in  ten  days ; 
80  that  if  we  reckon  ten  pounds  as  the  utmost  which 
the  body  contains  at  any  given  period,  it  is  clear  thatf 
this  young  man's  loss  must  have  been  repaired  almot 
immediately.  In  truth,  the  blood  ia  incessantly  bei 
abstracted  and  replaced  during  the  ordinary  pro 
of  life.  Were  it  not  continually  renewed,  it  woi 
soon  vanish  altogether,  like  water  disappearing  in  e 
The  hungry  tissues  momently  snatch  at  ita  mate 
as  it  hurries  through  them,  and  the  active  absorbof 
momently  pour  fresh  materials  into  it 

12.  Transfusion. — In  contemplating  the  loss  I 
blood  from  wounds  or  hemorrhage,  and  in  noting  l 
the  vital  powers  ebb  as  the  blood  flows  out,  we  i 
naturally  led  to  ask  whether  the  peril  may  not  1 
avoided  by  pouring  in  fresh  blood. 

Tlie  idea  of  transfusion  is  indeed  very  ancient, 
the  ancients,  in  spite  of  their  facile  creduhty  as  to  | 
effect  of  any  physiological  experiments,  were  in  J 
condition  to  make  tlie  experiment.  They  were  1 
unacquainted  with  physiology,  and  with  the  art  1 
experiment,  to  know  how  to  set  about  transf 
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Not  until  the  middle  of  the  seventeenth  century  had 
a  preparation  been  made  for  such  a  trial.  The  experi- 
ments of  Boyle,  Graaf,  and  Tracassati,  on  the  injection 
of  varions  substances  into  the  veins  of  animals,  were 
crowned  by  those  of  Lower,  who,  in  1665,  injected 
blood  into  the  veins  of  a  dog. 

Two  years  later  a  bolder  attempt  was  made  on  man. 
A  French  mathematician,  Denis,  assisted  by  a  surgeon, 
having  repeated  with  success  the  experiments  of  Lower, 
resolved  to  extend  the  new  idea.  It  was  difficult  to 
get  a  human  patient  on  whom  the  plan  could  be  tried ; 
but  one  evening  a  madman  arrived  in  Paris,  quite 
naked,  and  he  waa  daringly  seized  by  Denis  as  the 
fitting  subject  for  the  new  experiment.  Eight  ounces 
of  calf's  blood  were  transfused  into  Ms  veins.  That 
night  he  slept  well  The  experiment  was  repeated  on 
the  succeeding  day ;  he  slept  quietly,  and  awoke  sane ! 

Great  was  the  sensation  produced  by  this  success. 
Lower  and  King  were  emboldened  to  repeat  it  in  Lon- 
don. They  found  a  healthy  man  willing  to  have  some 
blood  drawn  from  him,  and  replaced  by  that  of  a  sheep. 
He  felt  the  warm  stream  pouring  in,  and  declared  it 
was  so  pleasant  that  they  migbt  repeat  the  experiment 

The  tidings  flew  over  Eiu'ope.  In  Italy  and  Ger- 
many the  plan  was  repeated,  and  it  now  seemed  as  if 
transfusion  would  become  one  more  of  the  "heroic 
arms"  of  medicine.  These  hopes  were  soon  dashed. 
The  patient  on  whom  Denis  had  operated  again  went 
mad,  was  again  treated  with  transfusion,  and  died 
during  the  operation.   The  son  of  the  Swedish  minister, 


who  had  been  benefited  by  one  transfusion,  perished 
after  a  second.      A   third  death  was  assigned  to  iM 
similar  cause;   and  in  April  1668  the  Parliament  ofl 
Paris  made  it  criminal  to  attempt  transfusion,  except  -J 
with  the  consent  of  the  Faculty  of  Paris.     Thus  the 
whole  thing  fell  into  discredit,  to  be  revived  again  in 
our  own  day,  and  to  be  placed  at  last  on  a  scientific 


It  occurred  to  Majendie  that  the  ill-success  of  t 
experiments  arose  from  the  supposition  that  the  blood 
of  all  quadrupeds  was  the  same,  and  that  it  was  in- 
different whether  a  man  received  the  blood  of  another  J 
man,  or  of  a  sheep  or  calf.    This  supposition  1 
altogether  erroneous.     His  opinion  was,  that  only  t! 
blood  of  animals  of  the  same  species  can  be  transf 
in  large  quantity  without  fatal  results.    The  blood  o 
a  horse  is  poison  in  the  veins  of  a  dog ;  the  blood  of  a  ! 
sheep  is  poison  in  the  veins  of  a  cat ;  but  the  blood  of  a 
horse  will  revive  the  fainting  ass.   Prom  this  it  followed,  ] 
he  thought,   that  when   transfusion   is  practised   onj 
human  beings,  human  blood  must  be  employed  j  ( 
so  employed,  the  practice  is  in  some  urgent  cases  r 
only  safe,  but  forms  the  sole  remedy.     But  the  recei 
investigations    of  Brown -S^quaitl  have  proved  I 
transfusion  is  successful  with  the  blood  of  differ 
species,     BlundeU  has  the  glory  of  having  revived  a 
vindicated  the  practice  of  transfusion,*  and  he  h^ 
seen  his  idea  amply  confirmed.     B^rard  cites  1 

•  Bluitdeli.:  "E^porimentsoii  tha  TrBDafiuion  of  Bio 
CKitw.  Trant.  1SI8,  p.  E6. 
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(fistmet  cases  of  hemorrhage  in  which  transfusion  has 
saved  life* 

startling  and  so  important  ia  this  success  of 
Transfusion,  that  it  is  very  necessary  we  should  dis- 
tinctly understand  in  what  cases  it  may  with  advantage 
be  employed.  And  these  cases  are  very  simple,  since 
it  13  only  when  there  has  been  a  dangerous  loss  of 
blood  that  any  benefit  can  accrue  from  transfiision. 
In  all  cases  of  disease  it  is  useless,  or  worse.  The 
ancients,  indeed,  thought  that  by  infusing  new  blood 
into  an  old  and  failing  organism,  new  life  would  be  in- 
fused ;  and  wild  dreams  of  a  sort  of  temporal  immor- 
tality were  entertained.  Completely  as  these  notions 
are  banished,  the  initial  error  of  supposing  that  the 
blood  forms  the  organs — and  that  if  blood  be  purified 
the  organs  will  be  restored  to  health  and  vigour— this 
error  is  stOl  general,  even  among  men  of  science.  It 
rests  on  a  misconception  of  the  laws  of  Nntrition.-f- 
Because  the  organs  are  nourished  by  materials  drawn 
from  the  blood,  and  because,  unless  blood  be  duly 
supplied,  the  organs  will  decay,  it  has  been  supposed 
that  the  point  of  departure  of  Nutrition  was  in  the 
blood  itself,  and  that  the  blood  formed  the  organs.  It 
ia  not  so.  The  organs  are,  many  of  them  at  least,  in 
existence  before  blood  appears ;%  and  even  afterwards 


■Berard:  Conri  de  PKstiolBgit,i^.2!Si,  It  is  from  tbie  n 
Ltforu  of  Milne  Edit  Aims  and  Berna-RD,  that  all  the  de 
■abject  in  the  text  havo  been  taken. 

f  Tbese  laws  will  lie  eipounded  in  our  Qnal  Chapter  i 

J  The  young  fish  Clypeia  boi  been  obaoired  by  Filippi  to  iji 
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the  process  of  Nutrition  always  constats  in  the  t 
milation  of  certain  materials  from  the  blood  by  the  1 
organs ;  not  in  the  organisation  of  this  blood  itsel£  ] 
In  vain  will  yon  carry  generous  food  to  a  sick  stomach —  | 
it  cannot  digest  the  food ;  in  vain  will  you  carry  young  | 
blood  to  old  organs — they  cannot  draw  their  youth  from  I 
it.     The  blood  is  always  young,  for  it  is  always  being  J 
renewed.     The  organs  get  daily  older,  and  different  j 
Between  the  blood  of  an  infant,  and  the  blood  of  a  .1 
patriarch,  no  appreciable  difference  can  be  found ;  bat  1 
how  great  is  the  difference  between  their  organs  I  That 
which  is  true  of  old  age,  is  likewise  true  of  disease. 
The  tissue  which  is  in  an  unhealthy  condition  cannot 
be  made  healthy  by  bringing  to  it  a  "purer"  blood 
(were  such  obtainable) ;  it  can  only  be  brought  back  to 
its  healthy  condition  by  the  cessation  of  those  cauaea 
which  keep  up  the  morbid  action,  and  these  are  not  in 
the  blood* 

1 3.  Which  are  the  Vivifying  Elements  ? — Seeing 
that  blood  has  a  power  of  reanimating  the  failing 
body,  it  is  natural  we  should  inquire  to  which  elemenl 
of  the  blood  this  is  due — to  the  cells,  or  the  plasma^ 

Bgg  and  Bwim  liTOoiously  before  there  ia  any  trace  of  oirouIa.ticFn— befon 
indood,  tho  blood-discs  are  formed. — Anaalu  dei  Scttnai,  18*7,  t 
67-  J^f  the  Btadent  desires  un  bbbj  mode  of  atudTing  this  point,  let  hi 
i»raf  ally  wBtch  tho  dovolopment  of  tadpoles  ;  and  ho  wiil  bo 
transparent  tails,  how  tha  resaels  gradually  appear,  and  how  the  bloc 
discs,  which  at  first  aro  in  all  respecta  the  Bame  as  ths  colU  of  tl 
Benaral  aubstanco,  eradually  low  their  large  fat-globules, 
more  and  more  the  oharactor  of  blood-discs. 

*  On  this  extremely  important  subject  tho  student  sltould  n 
oarefiilly  the  irhole  of  VlBOHaw'B  Ceitidarpathotogii. 


^^  VrVIFTING  ELEMKSTS  OF   BLOOD. 

We  know  that  it  ia  only  neoesaary  to  withdraw  blood 
from  a  part,  or  prevent  its  access  by  a  ligatnre  round 
the  arteries,  and  the  part  gradually  loses  all  its  vital 
propertiea;  but  even  after  the  rigour  of  the  muscles 
annonnces  death,  we  have  only  to  readmit  the  blood 
by  removing  the  ligature,  and  the  vitality  will  be 
restored. 

Unless  the  circnlfltion  be  mwntained  in  the  nerves, 
their  power  almost  instantaneously  disappears ;  which 
proves  that  in  the  nerves  the  chemic^  changes  must 
be  very  rapid.  Swammerdamm,  and  others  since,  have 
shown  this  by  the  experiment  of  tying  the  aorta ;  im- 
mediately the  circulation  is  interrupted,  the  power  of 
voluntary  movement  disappears.  This  is  only  true,  how- 
ever, of  warm-blooded  aninia.ls.  Frogs  may  have  the 
aorta  tied,  and  still  possess  the  power  of  hopping  about 
for  some  hours.  They  will  even  do  this  for  an  hour, 
when  the  heart  and  all  the  viscera  are  taken  away, 
according  to  Stilling.*  Sehi£F  thinks  that  they  do  this 
in  virtue  of  the  remnant  of  stored-up  force  retained  in 
their  nerves,  and  the  remnant  of  blood  still  retained  in 
the  parts.  ■{■  The  difference  between  frogs  and  warm- 
blooded animals  in  this  respect,  seems  to  me  solely 
referable  to  the  difference  in  the  normal  rapidity  of 
their  nutritive  changes.  The  warm-blooded  animal 
"  lives  fast,"  and  unless  fresh  blood  be  constantly  pre- 
sent to  supply  the  waste,  the  vital  changes  rapidly 

•  SrrLCJNO  ;  Pnto-(uiJiunjen  Hbtr  dU  JiVnrfKow»  da  ROctenmarti, 
1812,  p.  3S, 

t  ScaiFF  :  Leiirhvili  der  Pliyiioloffii,  1S58.  p.  103. 


ceasa  The  frog  can  live  for  months  without  food,  ] 
which  shows  that  its  mitritive  changes  are  compara-  | 
tively  alow.  It  will  therefore  require  a'  much  longer  I 
time  before  the  intemiption  of  the  cireulation  in  a  frog  1 
will  interrapt  all  manifestation  of  vitaHty,  than  in  tie  I 
ease  of  a  warm-blooded  animal. 

Every  one  knows  how  loss  of  blood  causes  man  to  J 
faint ;  and  how  checking  the  action  of  hia  heart  in- 1 
stantly  produces  unconsciousness.  Our  nervous  centres  I 
demand  incessant  supply. 

Blood,  as  we  said  at  starting,  is  the  river  of  life, 
and  where  it  ceases  to  flow,  all  organic  action  soon 
vanishes.    But  blood  ia  composed  of  two  things — ^the 
plasma  and  the  cells,  or  discs.     And  we  return  to  the 
question :   Which  of  these  is  the  vivifying  element? 
It  has  been  ascertained  tbat  the  plasma  of  the  blood, 
deprived  of  its  cells  and  fibrine,  has  no  reanimating 
power  when  injected,  being  in  fact  not  more  effective  1 
than  so  much  warm  water.     It  has  also  been  ascer-fl 
tained  that  blood,  deprived  of  its  fibrine  only,  producesi 
the  same  effect  as  pure  l)lood  ;  whereby  it  appears  thaJi  n 
as  neither  the  plasma  nor  the  fibrine  possesses  the 
vivifying  power,  that  power  must  belong  to  the  cella. 
This  is  a  great  step  gained,  but  the  restless  spirit  of 
inquiry  cannot  content  itself  with  such  a  gain,  and  it 
asks,  What  gives  to  the  blood-cells  this  specific  power?  j 
Let  us  see  the  answer  that  can  be  made  tt 
question. 

We  know  that  the  cells  (discs  and  corpuscles)  c 
the  oxygen,  cither  in  slight  combinations,  or  free,  as  in 


'Teaieles.  We  know  this,  because  we  find  that  the 
blood-plasma  is  unable  to  absorb  much  more  thaa  one 
per  cent  of  its  volume  of  oxygen,  whereas  the  blood 
coutainlng  cells  absorbs  from  ten  to  thirteen  times 
that  amount.  The  change  of  colour  exhibited  by  the 
discs  as  they  take  up  or  give  out  oxygen,  and  the  fact 
that,  if  they  are  placed  in  a  vessel  containing  air,  they 
absorb  oxygen  from  that  air,  whereas  the  plasma  does 
nothing  of  the  kind,  are  proofs  of  the  cells  being  the 
transporters  of  oxygen. 

But  this  ia  not  all  The  experiments  of  M.  Brown- 
S^nard  seem  to  establish  the  important  fact  that  it 
is  to  the  oxygen  carried  by  those  cells  that  we  must 
attribute  their  nutritive  agency,  and  to  the  carbonic 
acid  carried  by  them  that  we  must  attribute  their 
stimulating  agency.* 

Blood  has  two  offices :  it  furnishes  the  tissues  with 
their  food,  and  it  stimulates  thera  into  activity.  Unless 
the  tissues  be  endowed  with  certain  vital  properties, 
they  cannot  be  stimulated  into  activity ;  and  when 
stimulated,  this  activity  brings  about  a  destruction, 
which  must  be  repaired.  If  stimulus  be  applied  with- 
out equivalent  nutrition,  the  force  is  soon  exhausted. 
This  double  of&ce  the  blood  performs,  according  to 
M,  Brown-S^quard,  chiefly  through  the  oxygen,  as  the 
(^ent  of  nuirition,  and  of  carbonic  acid,  as  the  agent 
'of  excitation. 

Without  accepting  his  condusions  in  all  their  abso- 
luteness, we  may  accept  thus  much  of  thera,  for  we 
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see  him  operating  on  dead  aoiiinals,  or  dead  parts  I 
of  aijiiiials,  by  means  of  venoiis  blood  charged  with  ' 
oxygen,  and  producing  therewith  precisely  the  same 
effects  as  with  arterial  blood  ;  and  we  see  him  show- 
ing that  arterial  blood,  charged  with  carbonic  acid, 
acts  precisely  as  venous  Ijlood.  The  conclusion,  there- 
fore, is  ohvious,  that  the  vivifying  difference  between 
the  two  fluids  ia  simply  owing  to  the  difEerence  ii 
their  amounts  of  oxygen. 

He  takes  the  blood  from  a  dog's  vein,  and  the  iAoai 
from  its  artery,  whips  both  tUl  the  fibrine  be  extr 
and  till  both  have  become  equally  scarlet  from  thoJ 
absorption  of  oxygen.     He  then  injects  one  of  thes 
fluids  into  the  right  thigh  artery  of  a  dead  rabbit,  j 
which  the  rigidity  of  death  has  set  in  for  ten  minutes,  | 
and  the  other  fluid  into  the  left  thigh  artery.     The   i 
result  is  precisely  similar  in  both  hmbs,  : 
about  five  minutes  both  recover  their  muscular  irrita- 
biHty,  which  they  both   retain  for  twenty  minutes. 
Repeating  this   experiment  with  blood  drawn   from 
vein  and  artery,  but  charged  with  carbonic  acid  i 
stead  of  oxygen,  be  finds  a  similar  result  as  to  t 
exciting  power. 

Having  thus  made  clear  to  himself  that,  as   : 
spects   nutrition  and   excitation,    there  is   no  i 
difference  between  arterial  and  venous  blood  than  ii 
assignable  to  their  differences  in  the  amount  of  oxygen! 
and  carbonic  acid  contained  in   each;   that  venous g 
blood,  charged  with  oxygen,  acts  precisely  a 
blood ;  and  that  arterial  blood,  charged  vrith  c 


acid,  acts  precisely  as  Tenons  blixxJ,  M.  Erown-Sequard 
proceeds  with  Ms  dentonstratjoii,  that  unless  the  blood 
be  highly  oxygenated  it  has  no  power  of  uourisldng 
'  the  tissues ;  and  unless  it  be  hi^y  carbonised,  it  h^s 
no  power  of  stimulating  them. 

We  cannot  here  afford  sniEcient  ^pace  U>  give  any 
account  of  the  experiiiients  by  which  these  conclusions 
are  reached,  and  must  refer  the  eurions  reader  to  the 
memoir  itself"  But  as  the  idea  of  the  stimulatiiig 
power  of  the  blood  residing  chiefly  in  the  carbonic 
acid,  will  be  novel  and  Btartling  to  most  physiological 
readers,  it  may  be  useful  to  mention  one  of  the  experi- 
ments. A  rabbit  was  suffocated ;  and,  as  usual  in 
such  cases,  the  intestine  exhibited  very  powerful  dis- 
orderly movements.  Into  a  coll  of  this  agitated  intes- 
tine he  injected  some  venous  blood  highly  oxygeiuited. 
Immediately  the  movement  ceaeed.  He  then  injected 
arterial  blood  highly  carbonised,  and  the  movements 
were  at  once  resumed.  Again  he  injected  oxygenated 
blood,  and  again  the  movements  ceased,  to  appear  on 
the  second  injection  of  carbonised  blood  "  It  is  pos- 
sible," he  says,  "to  produce  two  conditions  of  the 
organism  essentially  different,  one  of  which  consists  in 
the  presence  of  a  greater  amount  of  oxygen  than  usual, 
both  in  the  venous  and  in  the  arterial  blood,  the  other 
of  which  consists  in  the  presence  of  an  excess  of  car- 
bonic acid  in  both  fluids.  In  the  first  of  these  condi- 
tions, life  ceases  in  spite  of  the  extreme  energy  of  tiie 
vital  properties,  simply  because  the  stimulating  power 
*  Jifumal  de  la  PAi/tvtliigit,  L  05. 


of  the  blood  is  msufficient.  In  the  other  of  these  con- 
ditioDS,  the  stimulating  power,  being  excessive,  causes 
an  activity  which  ia  soon  spent,  because  it  cannot  be 
reproduced." 

Even  should  we  accept  to  the  fall  the  ingenious 
hypothesis  just  propounded,  we  must  guard  against  an 
exaggeration  of  its  application.  Oxygen  may  be  the 
one  chief  condition  for  that  exchange  between  the 
blood  and  the  tissues  which  constitutes  Nutrition,  and 
without  a  due  supply  of  oxygen  Nutrition  may  be 
brought  to  a  stand-still ;  but  we  shall  greatly  err  if 
we  suppose  that  oxidation  is  itself  the  process  of 
Nutrition,  or  that  the  cells  are  the  sole  agents.  The 
albumen,  the  fats,  and  the  salts  which  the  tissues 
draw  from  the  blood,  are  not  drawn  from  the  cells, 
but  from  the  plasma.  It  is,  therefore,  quite  possible, 
iudeed  M.  S^quard's  experiments  render  it  eminently 
probable,  that  the  blood-cells,  by  their  oxygen,  furnish 
the  indispensable  condition  of  Nutrition,  the  material 
being  furnished  by  the  blood-plasma.  It  is  also  pro- 
bable that  the  cells,  by  their  carbonic  acid,  furnish  the 
condition  of  muscular  excitement ;  so  that  arterial 
blood,  when  containing  more  than  its  usual  amount 
of  carbonic  acid,  causes  an  excess  of  the  stimulating 
over  the  repairing  processes.  This  may  account  for 
the  greater  cerebral  excitement  succeeded  by  languor, 
consequent  on  exposure  to  the  vitiated  atmosphere  of 
a  theatre,  a  ball-room,  or  a  lecture-room. 

14.  Relation  of  Blood  to  Nutrition. — Such  is  the 
wondrous  fluid  we  name  Blood,  and  such  its  proper- 
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ties,  as  for  as  Science  hitherto  has  learned  &em. 
Before  quitting  our  survey,  it  will  be  desirable  to  say 
a  few  words  respecting  the  relation  which  blood  bears 
to  Nutrition,  since  that  relation  ia  not  generally  under- 
stood. 

■  Every  one  knows  that  all  the  tissues  are  nourished 
by  the  blood.  But  in  what  way  ia  this  effected! 
Blood,  in  itself,  is  perfectly  incapable  of  nourishing 
the  tissues — so  incapable  that,  if  it  be  poured  on  them 
from  the  rupture  of  a  vessel,  it  hinders  nutrition,  and 
acts  like  a  foreign  substance.  Accordingly,  we  see  it 
rigorously  excluded  from  them,  shut  tip  in  a  system 
of  closed  vessels ;  but  as  it  rushes  along  these  vessels, 
certain  of  its  elements  ooze  through  the  delicate  walls 
of  the  vessels,  and  furnish  o  plasma,  from  which.  Vie 
tissues  are  elaborated.  In  exchange,  certain  products 
of  waste  are  taken  up  by  the  blood,  and  carried  to  the 
organs  of  excretion. 

An  image  may  render  the  process  memorable.  The 
body  is  like  a  dty  intersected  by  a  vast  network  of 
canals,  such  as  Venice  or  Amsterdam ;  theee  ( 
are  laden  with  barges  which  carry  to  each  bon«e  t 
meat,  vegetables,  and  groeeriea  needed  for  daily  n 
and  while  the  food  is  thus  presented  at  each  door,  t 
canal  receives  all  the  sewage  of  the  faoacea  One  b 
will  take  one  kind  of  meat,  and  another  botue  a 
kind,  while  a  third  will  let  the  meat  pus,  and  t 
only  vegetables.  But  as  the  ori^nal  itoek  <if  fiwd  1 
limited,  it  is  obvious  that  the  demanda  9t  A 
necessarily  affect  the  supplies  of  li 
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what  occtirs  in  Xatrition :  the  muscles  demand  one  & 
of  principles,  the  nerves  a  second,  the  bones  a  thir<l|1 
and  each  will  draw  from  the  blood  those  which  it  * 
needs,  allowing  the  others  for  which  it  has  no  need  | 
to  pass  on. 

This  leads  ns  to  notice  a  Inmiiions  conception,  attri-  I 
huted  by  Mr  Paget  to  Treviranus,  but  really  due  to  •  1 
Caspar  Friedrich  Wolff,  whose  doctrine  of  epigenesU  I 
reposes  on  it  ;*  namely,  that  "  each  single  part  of  tha  J 
body,  in  respect  of  its  nutrition,  stands  to  the  v 
body  in  the  relation  of  an  excreting  organ,"    Mr  F 
has  illustrated  this  idea  with  Ms  accustomed  ft 
Every  part  of  the  body  taking  from  the  blood  t 
substances  which  it  needs,  acts  as  an  excretory  org 
inasmuch  as  it  removes  that  which,  if  retained,  t 
be  injurious  to  the  nutrition  of  the  rest  of  the 
Thus  the  polypes  excrete  large  quantities  of  calcareotu 
and  silicious  earths ;    in  the  polypes,  which  have  i 
stony  skeleton,  these  earths  are  absolutely  and  t 
excreted  ;  but  in  those  which  have  a  skeleton,  they  a: 
though  retained  within  the  body,  yet  as  truly  excre 
from  the  nutritive  fluid  and  the  other  parts  as  if  t 
had  been  thrown  out  and  washed  away.     In  the  a. 
manner,  our  bones  excrete  the  phosphates  from  i 
blood.    The  hair  in  its  constant  growth  not  only  sen 
its  purposes  as  hair,  but  also  as  a  source  of  remoi 
from  the  blood  of  the  various  constituents  which  fom 
hair.     "And  this  excretion  office  appears  in  some  ii 
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stances  to  be  the  only  one  by  wMcb  the  hair  serves 
the  purpose  of  the  individuals  ;  as,  for  example,  in  the 
fcetus.  Thus  in  the  fcetus  of  the  seals,  that  take  the 
water  as  soon  as  they  are  bom,  and,  I  believe,  in  those 
of  many  other  mammals,  though  removed  from  all 
those  conditions  against  which  hair  protects,  yet  a 
perfect  coat  of  hair  is  formed  within  the  uterus,  and 
before,  or  very  shortly  after  birth,  this  is  shed,  and  is 
replaced  by  another  coat  of  wholly  different  colour,  the 
growth  of  which  began  within  the  uterua  Sm-ely  in 
these  cases  it  ia  only  as  an  excretion,  or  cMefly  as  such, 
that  this  first  growth  of  hair  serves  to  the  advantage  of 
the  individual." 

Mr  Paget  also  applies  this  principle  to  the  explana- 
tion of  the  mdimental  hair  wliich  exists  all  over  our 
bodies,  and  to  that  of  many  other  rudimental  organs, 
which  subserve  no  function  whatever.  He  also,  with- 
out apparently  being  aware  of  Wolff's  ideas  on  this 
point,  applies  it  to  the  explanation  of  the  embryonic 
phases.  "For  if  it  be  influential  when  all  the  organs 
are  fully  formed,"  he  says,  "  and  are  only  growing  or 
maintaining  themselves,  much  more  will  it  be  so  when 
the  several  organs  are  successively  forming.  At  this 
time,  as  each  nascent  organ  takes  from  the  nutritive 
material  its  appropriate  constituents,  it  will  co-operate 
with  the  gradual  self-development  of  the  blood,  to  in- 
duce in  it  that  condition  which  is  essential,  or  most 
favourable,  to  the  formation  of  the  organs  next  in 
order  to  be  developed" 

This  principle  fiu^ther  enables  us  to  understand  h 


the  existence  of  certain  materials  in  the  blood  i 
determine  tbe  formatioii  of  structures  in  which  thei 
materiala  are  to  be  incorporated ;  and  it  enables  us  fe 
understand  the  "constitutional  disturbance,"  or  genera 
state  of  ill  health,  which  arises  from  some  local  disturb-1 
ance,  such  as  a  cold  in  the  head ;  for,  "  if  each  paxt  in  I 
its  normal  nutrition  is  an  excreting  organ  to  the  rest,  ) 
then  cessation  or  perversion  of  nutrition  in  one,  muBl^  1 
through  definite  changes  in  the  blood,  affect  the  nntrl- 1 
tion  of  the  rest." 

How  evidently  the  special  condition  of  the  o 
determines  the  growth  or  decrease  of  certain  orgi 
may  best  be  seen  in  the  sudden  development  c 
beard  and  the  voice  at  the  period  of  puberty.  Birds  in  i 
the  pairing  season  acquire  their  most  briUiaiit  plumage,  ■ 
and  express  the  tumult  of  their  emotions  in  perpetual  ] 
song.  Stags  at  the  same  epoch  develop  their  antlera^  [ 
and  make  the  forest  ring  with  their  hoarse  barking  ] 
Mr  Paget  justly  says — "  "Where  two  or  more  organs  ] 
are  thus  manifestly  connected  in  nutrition,  and  i 
connected  in  the  exercise  of  any  external  ofl 
connection  is  because  each  of  them  is  partly  formed  0 
materials  left  in  the  blood  on  the  formation  of  t 
other."  * 

Does  not  this  throw  a  new  light  upon  the  blw 
and  do  you  not  therein  catch  a  glimpse  of  many  f 
cesses  before  entirely  obscure?  It  assures  us  that  tJ 
blood  is  not  "flowing  flesh" — la  chair  coulante— 
Bordeu  called  it,  to  the  great  delight  of  his  successora 


nor  ia  it  even  liquid  food.  It  is  an  organic  structure, 
inceasantly  passing  through  changes,  which  changes 
are  the  conditions  of  all  development  and  activity. 
Food  and  Drink  become  snLjected  to  a  complicated 
series  of  digestive  processea  The  liquid  product  of 
Digestion  is  carried  into  the  blood-stream,  undergoing 
various  changes  in  its  route.  It  is  now  blood ;  but 
other  changes  supervene  before  this  blood  is  fitted  for 
the  nourishment  of  the  tissues ;  and  then  certain  ele- 
ments pass  from  it,  through  the  walls  of  the  capillaries, 
to  be  finally  assimilated  by  the  tissnea.  In  the  simpler 
animals,  the  liquid  product  of  digestion  ia  itself  the 
immediate  agent  of  Nutrition,  and  does  not  pass 
through  the  intermediate  stage  of  blood.  It  escapes 
from  the  digestive  canal  into  the  general  substance  of 
the  body,  which  it  permeates  and  nourishes  much  in 
the  way  that  the  blood-plasma  nourishes  the  substance 
of  the  more-  complex  animals.  Eat  in  the  simplest 
animals  there  is  not  even  this  approach  to  blood. 
There  is  no  liquid  product-  of  digestion,  for  there  is  no 
digestion  at  all,  the  water  in  -wiiich  these  animals  live 
canying  organic  matter  in  solution ;  this  permeates 
the  substance,  and  is  assimilated :  thus  does  the  -water 
play  the  part  of  blood,  carrying  the  food,  and  carrying 
away  the  waste. 

Let  the  speculative  mind  traverse  the  marvellous 
scale  of  created  beings  upwards,  from  the  simplest  to 
the  most  complex,  and  it  will  observe  that  Assimilation 
first  takes  place  by  means  of  the  direct  relation  of  the 
oi^anism  to  the  surrounding  medium ;  next  arrives  the 


interposition  of  agencies  which  prepare  the  food  for  tin 
higher  effects  it  has  to  produce  ;  and  instead  of  n 
ing  on  organic  suhatancea  in  solution,  the  organiBm  1 
ia  Been  extracting  nutriment  from  other  organisms  j 
finally  is  seen  the  operation  of  still  more  complicated  1 
agencies,  which   impress   on  the  digested  food  still  j 
higher   characters,   converting  it  into   biood.      This  ■ 
blood  is  retained  in  a  system  of  vessels  everywhere  ] 
closed.    Yet,  in  spite  of  the  absence  of  orifices  at  J 
pores,  it  is  distributed  impartially  to  the  most  distant  ] 
parts  of  the  organism,  and  it  is  distributed  according 
to  the  momentary  requirements  of  each  part,  so  that  1 
when  an  organ  is  called  upon  to  pat  forth  increased 
energy,  there  ia  always  an  increase  of  food  sent  to.  ' 
supply  that  energy.     If  the  stomach  has  been  quiet  tatm 
hours  while  the  brain  Las  been  active,  the  regulatin 
power  of  the  circulation  has  adapted  the  supply  o 
blood  to  each  organ  ;  and  no  sooner  will  the  stom 
be  called  upon  to  exert  itself,  than  an  abundant  snp 
of  blood  will  instantly  be  directed  to  it    This  simple 
and  beautiful  fact  in  the  animal  economy  should  n 
men  against  the  vicious  habit  of  studying  at,  c 
after,  meals,  or  of  tasking  the  brain  when  the  stom 
IB  also  tasked. 


Did  Harvey  discover  the  circulation  of  the  blood? 
To  many,  the  question  will  sound  like  an  impertinence. 
To  tbose  who  have  critically  esamined  the  historical 
evidence,  the  question  wears  another  aspect,  and  their 
answer  will  run  somewhat  thus :  Harvey  did,  and  he 
did  not,  make  the  discovery  ;  he  made  a  very  great 
discovery,  which  has  given  an  imperishable  glory  to 
his  name,  but  it  was  not  precisely  that  which  is  popu- 
larly attributed  to  him.    In  endeavouring  to  mark  clearly 
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out  that  which  he  discovered,  and  that  which  he  did  ntrf 

discover,  no  attempt  will  be  made  here  to  diminish  th< 

fame  England  is  justly  proud  of,  by  ransacking  i 

archives  of  science  to  detect  stray  passages  of  n: 

less  vagueness,  wherein  older  authoi-s  may  have  iudirfl 

cated  sometliing  like  the  truths  which  Harvey  estab< 

lished  on  the  firm  basis  of  experiment  and  j 

Erudite  prejudice  has  done  its  worst  in  this  directionj 

and  its  worst  has  only  set  Harvey's  merits  hi  a  cle 

light. 

Harvey  discovered  the  fact  of  the  circulation  ;  bat 
he  did  not  discover  the  course  of  the  circulation,  nor 
the  causes  of  the  circu!a.tion.     He  knew  that  the  blood   | 
was  carried  from  the  heart  through  the  arteries  to  tha  j 
tissues,  and  from  the  tissues,  through  the  veins  and  i 
lungs,   back   again   to    the  place  whence  it   started. 
But  he  knew  not  how  the  blood  passed  from  arteries  to   | 
veins ;  he  knew  not  whr/  the  blood  thus  moved.     In  our  1 
day  Science  is  in  possession  of  the  exact  course  of  the  I 
circulation,  but  the  exact  causes  are  still  under  ques-  J 
tion.    We  know  that  the  circulating  system  consists  otm 
heart,arteries,  veim,  capillaries,  and  lymphatics.  Har-^l 
vey  knew  not  the  capillaries  and  lymphatics  ;  so  thafr^ 
his  knowledge  of  the  course  taken  by  the  blood  1 
necessarily  incomplete. 

To   put   the  reader  in  possession  of  what  is  ncn 
known  on  this  subject,  and  to  enable  an  estimate  toil 
be  formed  of  what  Harvey  discovered,  we  will  first  tak«)] 
a  rapid  view  of  the  circulation. 


Fig.  11. 


The  following  diagram  will  convey  a  general  concep- 
tion of  the  course  of  the  circula- 
tion : — 

The  reader  will  understand  c  - 
that  this  figure  is  a  diagram, 
not  a  picture :  it  represents,  in  ^  ~/4 
an  ideal  manner,  the  relation  of  ' 
the  various  parts  of  the  circulat- 
ing sy.steni  to  each  other,  and 
shows  how  a  circle  is  formed 
by  the  blood  starting  from  the 
right  auricle.  A,  of  Ibe  heart, 
and  passint;  thence  into  ther igkt 
ventricle,  B ;  from  this  again  it  is 
driven  by  a  stronj^  contraction  i^i^ortu  or  ciRcoi^-na^. 
of  the  pulmonary  artery,  C,  into  the  lungs ;  from  the 
lungs  it  is  carried  by  the  pulmonary  veins,  D,  back 
to  the  left  auricle,  E,  of  the  heart,  and  from  that  to 
the  leji  ventricle.,  F,  whence  it  is  poured  into  the  arter- 
ies, and  passes  from  these  through  the  capillaries  (de- 
scribed in  our  last  chapter,  p.  241,  and  represented  by 
dotted  lines  in  fig.  11)  into  the  veins,  and  thus  is  once 
more  caiTied  back  to  the  heart. 

Such  is  the  diagram,  or  th  eoretic  view,  of  the  circula- 
tion. But  lest  the  reader  should  be  misled  by  this, 
which  is  intended  to  simplify  the  conception,  I  will 
now  give  a  representation  of  a  part  of  the  actual  dis- 
position of  the  circulating  apparatus,  which  he  can 
complete  by  the  aid  of  the  theoretiu  diagi 


two  great  trunk-veins,  tte  superior  and  inferior  i 
came  (c  and  c).  After  passing  thence  into  the  right 
ventricle  (d)  it  Is  driven  by  the  pulmonary  artery  (P)  J 
into  the  lungs.  This  vessel  is  called  an  artery  aithoagli  " 
it  contains  venous  blood ;  for  vessels  do  not  receive  ■ , 
tlieir  names  from  the  nature  of  the  blood  they  carrj^.  J 
but  from  the  nature  of  tbeir  office  :  those  which  e 
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blood  to  the  heart  are  called  veins,  those  which  carry 
it  from  the  heart  are  called  arteries. 

In  the  lungs  (L  L)  the  blood  comes  in  contact  with 
the  oxygen  of  the  atmospheiic  air,  admitted  to  the  air- 
cells  of  the  lungs  throagh  the  windpipe,  or  trachea  (T) 
which  branches  off,  and  ramifies  through  the  lungs  as 
bronchial  tubes.  The  action  of  the  oxygen  changes  the 
blood  from  venous  into  arterial 

The  blood  now  returns  from  the  Innga  by  the  pul- 
monary/ veins  (j)  p)  and  enters  the  left  auricle  (a), 
whence  it  passes  into  the  left  ventricle  ((j).  It  is  then 
driven  into  the  arteries,  through  the  great  arterial 
trunk,  the  aoTta  (A),  and  is  by  them  distributed  to  the 
various  tissues. 

The  arterial  blood  having  served  its  purpose,  and 
having  yielded  some  of  its  inateriala  to  the  tissues 
through  which  it  flowed,  has  now  to  return  once  more 
to  the  heart,  to  be  reiavigorated  by  passing  through 
the  lungs.  In  the  diagram  we  saw  this  return  effected 
by  means  of  the  veins.  But  there  is  another  system 
of  vessels,  different  from  veins  and  capillaries,  of  which 
no  notice  is  taken  in  the  diagram.  This  is  the  Lym- 
phatic system. 

The  Lymphatics,  like  the  roots  of  plants  absorbing 
nutriment  from  the  earth,  absorb  lymph  from  the 
various  organs  in  which  they  are  distributed,  as  we 
shall  learn  more  particularly  hereafter.  These  lympha- 
tics pour  their  contents  into  the  venous  current,  which 
thus  becomes  a  confluence  of  streams,  all  flowing  to- 
wards the  heart. 


This  is  the  circuit  taken  by  the  blood,  from  the"  righl 
auricle  of  the  heai't  back  again  to  that  starting-pol 


1°..  Story  op  the  Discovery. — The  story  of  t 
discovery  ia  one  of  the  moat  interesting  and  ii 
tive  in  the  whole  range  of  science,  and  it  has  reca 
been  re-written  by  M.  Flourens  in  a  very  agrees 
style.*     He  declares  that  before  him  no  one  had  a 
rately  narrated  it.    In  some  sense  this  is  true  ;  but  thtl 
are  important  omissions  in  Lis  own  account ;  and  v 
availing  myself  of  his  labours,  I  shall  endeavour  1 
complete  them.     It  ia  a  atory  whose  episodes  exi 
over  not  less  than  seventeen  centuries ;  and  the  tv 
centuries  that  have  elapsed  since  the  discoveiy,  bn 
not  sufficed  entirely  to  complete  it.     Seventeen  oenj 
lies  is  a  vast  span  of  time  for  the  elaboration  of  % 
discovery  of  a  fact  which,  now  we  know  it,  seema  J 
obvious  that  the  marvel  is  why  it  was  ever  unknow 
and  the  moral  of  the  story  lies  precisely  there,  t 
as  it  does,  the  remarkable  servility  of  the  mind  in  1 
presence  of  established  opinions,   and   the  difBci 
■which  is  felt,  even  by  eminent  men,  in  seeing  pl^ 
facts,  when  their  eyes  are  hoodwinked  by  preconceiTl 
notions.    To  those  who  are  unfamiliar  with  the  pra 
investigation  of  science,  it  seems  singular  that  t 
60  baseless  that  they  vanish  immediately  they  are  c 
lenged,  should  continue  to  find  believers  ;  and  to  i 
who  have  never  trained  themselves  in  the  difBcult  a 

*  FiiOUREKS:  nUloirt  de  la  Dlcouiieiit  de  la  Circvlatim  du  Sai^ 
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delicate  art  of  Observation,  it  seems  singular  that  facts, 
extremely  simple  when  obsei'ved,  should  continue  to 
be  overlooked.  But  the  tnith  is,  observers  are  at  all 
times  rare,  because  new  observation  requires  singular 
independence  of  mind ;  and,  unhappily,  those  who 
never  made  an  observation  themselves,  are  always 
ready  to  dispute  the  accuracy  of  new  observations  made 
by  others. 

I.  Three  eiTorB  which  masked  the  truth. — In  the 
case  now  before  us  there  Tvere  three  capital  errors, 
which  for  seventeen  centuries  masked  the  fact  of  cir- 
culation ;  and  the  reader  will  probably  leam  with 
surprise  what  those  errors  ■were. 

The  first  error  was,  the  belief  that  the  arteries  did 
not  contain  blood. 

The  second  error  was,  the  belief  that  the  two  cham- 
bers of  the  heart  communicated  with  each  other  by 
means  of  holes  in  the  partition  dividing  them. 

The  third  error  was  the  beUef  that  the  veins  carried 
the  blood  to  the  various  parts  of  the  body. 

How  was  it  possible  that  errors  so  flagrant  as  these 
could  have  maintained  their  ground  a  single  day  after 
men  began  seriously  to  examine  the  subject?  It  was 
obvious  that  air  entered  the  body,  and  entered  it  by 
the  trachea,  or  windpipe.  The  conclusion  was  natural, 
in  the  early  days  of  science,  that  the  air,  thus  entering 
by  the  trachea  and  bronchial  vessels,  should  continue 
its  course  through  other  vessels.  When  the  arteries  of 
a  dead  body  were  examined,  they  were  found  empty, 
I       and  consequently  the  arteries  were  chosen  as  tlie  vcrit- 


able  air-chaanels  :  hence  their  name  {"  air-contain  era 
from  au=  and  Tr,ii-ji). 

What,  then,  becomes  of  the  air  inspired  ?  Galen  si 
it  did  not  enter  the  parts  of  the  body,  but  was  throw 
out  again  after  performing  its  office,  that  office  I 
to  cool  the  blood.  If  you  open  au  artery,  said  Qal^^fl 
blood  will  issue,  but  not  air :  whence  the  conclusios 
seems  inevitable,  that  the  arteries  do  not  contain  i 
and  do  contain  blood.  Modem  siiienee  has  provd 
that  atmospheric  air  is  not  contained  in  the  ailei 
but  only  its  o^gen  with  a  slight  amount  of  nitrogt 
and  a  certain  amount  of  carbonic  acid  g 
as  the  composition  of  the  atmosphere  was  not  sn 
pected  in  the  days  of  Galen,  the  presence  of  blw 
and  the  absence  of  air,  were  facts  so  firmly  establL 
by  him,  that,  in  spite  of  all  antagonists,  they  fi 
assumed  the  place  of  incontestable  truths. 

Here,  then,  we  see  one  error  removed.     The  othei 
still  remained.     Galen,  and  all  his  successors,  : 
tained  that  the  two  chambers  of  the  heart  commimMl 
cated  directly  by  means  of  holes  m  their  partition ; 
opinion  perfectly  intelligible  when  we  leam  that  i 
rested  on  a  theoretical  assumption.   Theory  wanted  t 
fact,  and  men  saw  the  fact  they  wanted.    Theory  d 
guished  between  venous  blood,  and  spirituous  or  axto-jl 
rial  blood  :  The  venous  blood  nourishing  all  the  coai 
organs,  such  as  the  liver  ;  the  spirituous  bloodnom 
log  all  the  delicate  organs,  such  as  the  lungs. 

In  our  day  we  shoald  demand  some  proof,  before 
accepting  such  a  theory ;  but  the  ancients  had  a  i 


vague  idea  of  the  necessity  of  proof ;  and  were  equally 
vague  respecting  the  nature  of  proof:  so  long  as  an 
opinion  was  logical  and  plausible,  it  was  held  to  be 
irresistible. 

The  spirituous  eleniMit  was  supposed  to  be  formed 
in  the  leit  ventricle  of  the  heart  ;  but  inasmuch  as  even 
venous  blood  requires  some  of  this  spirit  for  the  pur- 
poses of  nutrition,  it  was  necessary  that  the  two  bloods 
should  mingle  ;  and,  to  meet  this  necessity,  holes  were 
assumed  in  the  partition  dividing  the  two  ventricles. 
So  deeply  impressed  were  anatomists  with  reverence 
for  what  Galen  had  said,  and  what  theory  required, 
that  they  one  and  all  saw  the  holes — which  do  not 
exist.  Berenger  de  Carpi  had,  indeed,  an  uneasy 
doubt  on  the  subject,  which  he  naively  expressed  in 
the  admission  that  tlie  holes  were  only  to  be  seen  with 
great  difficulty — cwm.  maximd  difficultate  mdentur ; 
but,  by  straining  the  eyes  sufficiently,  he  doubtless  saw 
what  Galen  required  him  to  see — as  thousands  daily 
see  what  they  believe  they  ought  to  see.  The  first 
man  who  had  sufficient  strength  of  mind  to  use  his 
eyes,  and  say  what  he  saw,  was  Vesalius,*  the  father 
of  modem  anatomy:  for  whom  Titian  did  not  diawthe 
figures  which  illustrate  his  wort+ 

*  VE34UU3:  Optra  Omnia,  edit.  1725,  L  B19.  The  firat  edition 
of  the  Anatomy  was  published  in  loJ3. 

+  The  real  artiat  was  Caloar,  a.  papU  of  Titian's,  called  by  Vasiiri, 
Giovanni  Fiammingo.  I  do  not  know  hem  the  tradition  aroae  which 
attributes  the  figures  to  Titian— |C(rviER,  Hiat.  del  Sc.  Sat,  ii.  21). 
Tesolius  himself  naxaBii  Jo/umnci  Calcarensia  in  liis  prefaoe,  and  makes 
no  mention  of  Titian. 

2  A 


Thus  'was  the   second  error  overthrown  in  I54Sj 

The  third  error — namely,  that  of  the  veins  ( 
the  blood  to  the  tissues — was  somewhat  more  comple 
K  the  venous  and  arterial  bloods  do  not  mingle  in  ti 
heart,  where  do  they  mingle  ?     We  know  it  is  in  t 
lungs  that  the  one  passes  into  the  other ;  but  it  Vi 
an  immense  discovery  to  make ;  and  there  is  somethii^  I 
piquant  in  the  fact  that  it  was  first  divined  by  a  rea 
less  and  daring  theologian,  whom  Galvin  burned,  'wtth.fl 
affectionate  zeal,  for  speculations  of  another  kind. 

Michael  Servetua  was  the  first   to   announce 
existence  of  the  circulation  in  the  lungs  ;  and  he  t 
nonnced  this  in  the  Ohristianismi  Restitutio,  a  v 
which  was  burned  by  the  theologians.     Two  copies  d 
this  work  exist :  one,  still  reddened  and  partly  i 
Bumed  by  the  fiamea,  ia  in  the  Eoyal  Library  of  I^tii^ 
and  copious  extracts  from  it  are  printed  by  M.  FIoui 
in  his  "  History."    Servetus  there  describes  the  passag^^S 
of  the  blood  from  the  heart  to  the  lungs,  "  where  it  uJ 
agitated,  prepared,  changes  its  colour,  and  ia  poareftv 
from  the  pulmonary  artery  to  the  pulmonary  vein." ' 

This  idea  was  as  novel  as  it  was  true ;  but  the  c 
tical  reader  will  probably  not  agree  with  M.  FlouM 
in  regarding  this  as  a  discovert/,  in  the  stiict  sense  j 
the  term ;  for  although  Servetus  had  some  notion  ^ 
the  anatomical  evidence  furnished  by  the  large  i 


*  "  Pit  autom  sommu 
ut  vulgo  craditur.  So 
lan^  per  pulmuuefl  duel 
pnet^orntur,  flnvuE  officii 
trausfunditur." 


,ti«  hceii,  nun  per  parieUm  cordig  d 
oflgno  artificio  a  dextro  oordie  »» 
le-itfltur  sanewif  ia  «ulitilia  :  a,  imlmonil 
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of  the  pulmonary  artery,  which  enables  it  to  carry  a 
far  greater  quantity  of  blood  than  could  be  needed 
for  the  nutrition  of  the  lungs,  yet  we  have  only  to 
read  the  passages  in  which  he  describes  this  pulmonary 
circulation  to  perceive  that  he  had  no  accurate  idea  of 
it :  he  speaks  confidently  of  the  nerves  being  continu- 
ations of  the  arteries,  and  describes  with  great  preci- 
sion how  the  air  passes  from  the  nose  into  the  chambers 
of  the  brain ;  and  how  the  devil  takes  the  same  route  to 
lay  siege  to  the  souk  All  we  can  say  is,  that  Servetua 
made  one  lucky  guess  among  hia  numerous  guesses  by 
no  means  of  the  lucky  kind.  I  think  it  right  to  insist 
on  this  point,  because,  owing  to  the  rarity  of  the  book 
in  which  the  guess  was  promulgated,  very  few  persons 
have  been  able  to  form  a  correct  idea  of  what  Servetus 
really  meant  Thus  Cuvier,  among  others,  empha- 
tically asserts  that  "  the  physiological  phenomenon  of 
the  pulmonary  circulation  is  explained  in  a  very  clear 
manner,"  •  and  that  Servetus  says,  "  in  a  positive 
manner,  that  the  whole  mass  of  the  blood  passes  through 
the  lungs."  The  copious  extracts  given  by  M.  Flourena 
now  enable  every  one  to  see  what  Servetus  really  did 
assert  He  announced  the  fact  of  the  pulmonary  circu- 
lation, and  may  receive  from  History  the  whole  credit 
of  such  priority;  he  also  guessed  rightly  that  in  the 
lungs,  and  not  in  the  liver,  the  blood  received  its  elabo- 
ration, passing  from  venous  into  arterial 

But  whatever  merit  may  be  assigned  to  Servetus,  no 
influence  can  be  attributed  to  his  discovery,  since  both 

*  CnviBH  :  Hilt,  da  Scienca  Sal.,  ii.  15. 
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he  and  his  treatise  were  roasted  by  Calvin ;  and  no  onj 
heard  of  the  pulmonary  circulation.  Six  years  t 
wards,  Realdo  Colombo  re-discovered  the  pnlmonaiy  I 
circulation;*  and  that  the  discovery  waa  ready  to  bo  | 
made  on  all  sides,  is  seen  in  the  fact  of  its  being  ala^'  j 
made  by  Caasalpinus,  the  great  botanist,  who  does  nol  I 
seem  to  have  been  aware  of  what  Colombo  had  written}  J 
since  he  makes  no  mention  of  him,  and,  as  M.  FlourenftJ 
observes,  le  grand  m/rite  est  toujours probe.  Cffisal*<| 
pinus,  moreover,  was  the  first  to  pronounce  the  phi 
"  circulation  of  the  blood."  -f- 

2.  Discovery  of  the  general  Girovlation. — Here  tib^l 
reader  may  ask,  What  further  remained  for  Harv^  W  if 
discover  ?  and  it  may  surprise  him  to  hear  the  answra :  J 
Everything !  Such  is  pretty  nearly  the  fact.  The  put.  J 
monary  circulation  takes  place  only  through  a  sm^  J 
are  of  the  great  circle  traversed  by  the  blood.  Besidu  1 
this  arc,  there  is  the  other  greater  arc,  through  wMck  J 
the  systemic,  or  general  circulation,  takes  its  course|fl 
and  of  this  no  one,  except  CEesalpinus,  had  even  a  s 
picion.  Every  one  supposed  that  the  veins  canied  t 
blood  to  the  tissues,  and  nourished  them;  t 
pected  that  this  function  was  reserved  for  the  arterid 
and  that  the  veins  carried  the  blood  only  to  the  hea 
It  was  thought  that  the  arteries  had  tbeir  origin  in  t 
heart,  and  the  veins  in  the  liver;  from  the  liver  t 
veins  carried  the  blood  to  every  part. 

•  Colombo  :  Ds  re  Awit<rm.ieA,  edit.  1573,  p.  S25. 
+  QmadLFtSDB  ;  Cuejf.  Periptlet.,  edit.  1693,  lib.  v.  p.  12B.    '. 
givu  tho  poBsoge,  as  weU  w  tbat  from  Colombo. 


A  single  fact,  familiar  to  every  surgeon,  and  to  every 
barber  who  ever  opened  a  vein,  ought  to  have  revealed 
the  error ;  aince  every  time  a  ligature  was  applied,  the 
operator  must  have  seen  that  the  vein  swelled  below 
the  ligature,  and  not  above  it ;  from  which  the  deduction 
seems  obvious  that  the  blood  in  the  vein  flowed  to  the 
heart,  and  aot/rom  it^ 

But  here,  as  in  so  many  other  cases,  familiar  facts 
were  not  observed;  they  were  seen,  but  not  interpreted. 
Cieaalpinus  was  the  first  who  observed  it;  but  he  has 
only  the  merit  of  having  suspected  the  cause  to  be  the 
current  setting  towards  the  heart.*  His  suspicion  was 
not  a  demonstration ;  and  we  are  surprised  to  find  De 
Blainviile  saying,  "  that  the  circulation  was  known  to 
Cffisalpinus,  although  he  had  not  demonstrated  it"  ]n 
Science,  the  ditference  between  a  guess  and  a  demon- 
stration is  as  great  as  that  between  the  fwne  which  an 
unwritten  poem  may  achieve,  and  the  fame  which  a 
great  poem  has  achieved.  If  jesses  counted  as  achieve- 
ments, the  temple  of  fame  would  be  thronged  with  the 
statues  of  heroes. 

De  Blainviile  saya  that  the  reason  why  Ealler  and 
others  have  denied  the  claim  of  CsBsalpinus,  is  because 
they  did  not  read  what  he  had  said  in  his  work  On 
PlarUs.'f    Now,  if  we  turn  to  the  passage  in  question, 

uent  Tens  ultrfL  Tinoulum,  nou  eltiA.     Dobuiaset  autem 
}  aajiguinii  et  epiritua  a  Tisceribui 
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we  shall  see  how  far  the  writer  really  was  &om  i 
truth,  and  yet  how  near  hia  gaeas  went  to  the  truth^ 
"  In  animals,  we  see  the  food  carried  by  the  veins  to  I 
the  heart,  as  to  a  centre  of  innate  heat ;  and  there, 
having  acquired  its  final  perfection,  it  ia  distributed  ' 
over  the  whole  body  through  the  arteries,  by  the  agency  I 
of  the  spirit,  which  is  engendered  in  the  heart  by  this  J 
same  food."  * 

Easy  is  at  is  for  us  to  read  into  this  passage  a 
all  that  we  understand  by  the  circulation,  a  close  histfr'  \ 
rical  criticism  detects  in  it  nothing  but  a  guess ;  aod 
as  B^rard  remarks,  we  ought  not  to  confound  two  sadi-g 
vague  statements  as  these,  themselves  requiring  demoi^ 
stration,  and  by  Ctesalpinus  himself  subsequently  c 
tradicted,  with  the  clear  ideas,  and  imposing  proofs,  < 
which  Harvey  established  his  discovery. -}- 

The  convincing  evidence  of  Harvey's  originality  ia,  \ 
that  not  only  was  the  guess  advanced  by  Cfesalptniu 
without  any  influence  on  the  theories  of  that  day,  in  i 
spite  of  his  deserved  authority;  but  that  when  Harvey  J 
promulgated  his  theory,  he  found,  all  over  Europe,  \ 
greatest  difficulty  in  getting  it  accepted.    B^rard  mai 
tains,  that  so  far  from  any  one  before  Harvey  hannj 
had  a  clear  idea  of  the  true  theory,  no  one  had  evs 
accurately  conceived  the  true  theory  oi  pulmonary  c 

■  CaSA-LPiNns :  DtPlanlii,  i.,  c,  2,  p.  S. — "In  aaimuUbaa  Tidemai 
alimeotum  per  venas  ditci  ad  cor  Uuquiua  ad  uSclnnm  calotiii  iuiti,  ■ 
adepta  inhibi  ultimft  perfeodone,  p«r  arteriss  in  univeraum  oorpm 
tribui  agento  apiritu,  i^ui  oi  oodem  nllmcnW  in  oonle  gignitur." 

t  BKaABSt  Court  de PhytioC.,  ilL  B81.    Compare  Milnk  EowxBn;^ 
Ltfoia  mr  la  Phyt.  «  Tjf  ■«(.  Mmpitf^f.  iii.  20. 
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cdation;  for  although  Servetus,  Colombo,  and  Cfesal- 
piniia  knew  that  the  blood  passed  through  the  lungs, 
they  fancied  only  so  much  passed  as  was  necessary  for 
the  reception  of  the  "  vital  spirits," — a  quantity  which 
their  predecessors  fancied  took  its  course  through  the 
holes  in  the  partition  of  the  heart.  But  they  had  no 
conception  of  the  entire  mass  of  blood  traversing  the 
lungs ;  and  even  had  they  known  so  much,  they  would 
have  been  wholly  at  a  loss  to  say  whence  it  came,  and 
whither  it  went.  It  was  necessary  to  understand  the 
whole  circulation  before  any  part  of  it  could  accurately 
be  understood. 

3.  Discovery  of  the  Valves. — The  discovery  that 
the  veins  had  valves,  opening  and  closing  like  doors, 
brought  the  discovery  of  the  circulation  within  com- 
pass. It  was  made  in  157*  pj  ,3 
by  Fabrice  d'Acqnapendent*, 
under  whom  Harvey  studied 
at  Padua.  In  the  following 
figure  the  valves  666  are  re- 
presented in  the  course  of  ' 
the  venous  trunk,  and  at 
the  entrance  of  the  venous 
branches.  These  valves,  pre- 
venting any  flow  from  the 
heart,  but  admitting  the  flow  «[.rKiOF™MT!iNa. 
to  the  heart,  might  have  suggested  to  their  discoverer 
the  true  interpretation  of  their  use.  But  five-and- 
forty  years  elapsed  before  any  one  arose,  who  had 
the  sagacity  to  perceive  the  real  value  of  this  anato- 
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mical  structure  in  respect  to  tJie  blood-currents ; 
during  these  five-and-forty  years,  eveiything  that  1 
been   discovered  or  surmised  respecting  the  i 
tion,  was  familiar   to  every  anatomist  of  the   grca 
Paduan  school  in  which  Harvey  studied ;  nevert 
less,  when  Harvey   promulgated  his  theory,   it 
vehemently  opposed. 

In  1619  Harvey  first  publicly  taught  what  he  had*^ 
discovered;  and  in  1628  he  published,  for  the  benefit 
of  Europe,  his  celebrated  treatise,  Exercitatio  Anon 
mica  de  Motu  Cordis  et  Sanguinis,  which  may  ji 
be  called  the  basis  of  modem  physiology.     That  1 
theory  was  new,  and  would  be  opposed  as  a  heresy,  nam 
one  more  clearly  divined  than  he  did.*    The  greatness.  J 
of  the  discovery,  and  the  force  of  genius  required  to.  ' 
make  it,  can  only  be  appreciated  by  those  who,  familiar 
with  the  state  of  opinion  in  those  days,  read  the  evi- 
dence and  arguments  by  which  Harvey  established  hia 
doctrine.     It  is  true  that  he  appeared  at  a  particular  i 
epoch,  when  the  confluence  of  various  discoveries  ren-  i 
dered  his  discovery  possible;  but  that  a  man  of  genius  ' 
was  necessary  to  interpret  and  co-ordinate  those  dis- 
coveries, is  evident  in   the  fact,  that  no  one  except  i 
Harvey  had,  for  nearly  half  a  century,  seen  the  signi-  I 
ficance  of  the  facts. 

Here,  however,  a  caution  must  be  interposed     The  | 


mines,  tnatam  coDsueCudo  aut  Bemol  iohlbila  cIoctritiD,  nJUsque  de 
ndiciboi,  quasi  aJtora  naturs  spud  omiiea  teUqI,  et  nntiquitatia  ri 
rands,  opinig  mgai."—Exercii.  p.  gS. 


importance  of  the  valves  has  been  greatly  exaggerated, 
and  their  real  bearing  on  Harvey's  discovery  miscon- 
ceived. They  are  thought  to  have  rendered  the  dis- 
covery facile,  because,  inasmuch  as  they  prevent  the 
blood  from  flowing  backwards,  while  permitting  it  to 
flow  outwards,  the  idea  of  the  circulation,  it  is  said, 
must  necessarily  have  emerged  from  the  contemplation 
of  these  valves. 

Against  this  supposition  there  is  one  decisive  feet : 
no  one  did  deduce  the  conclusion  which  is  said  to 
have  been  so  necessary. 

Moreover,  in  many  cases,  circulation  takes  place 
entirely  without  their  aid.  There  are  no  valves  in  the 
veins  of  the  Invertebrata,*  none  in  the  veins  of  fishes 
and  reptiles,  and  very  few  in  birds ;  yet  the  circulation 
is  as  complete  in  these  aniiuEtls  as  in  man. 

Nay,  even  in  man  the  chief  veins  are  destitute  of 
valves,  although  writers  on  Natural  Theology,  and 
even  better-informed  physiologists,  are  in  the  habit  of 
speaking  of  them  as  if  they  were  universal  and  indis- 
pensable :  it  may,  thei'efore,  be  useful  to  mention,  that 
there  are  no  valves  whatever  in  the  great  venous  trunks, 
the  vense  cavse,  and  portal  veins— none  in  the  hepatic, 
renal,  and  uterine  veins — none  in  the  brachio-cephalic, 
spinal,  and  iliac  veins  ;  and  they  are  rarely  present  in 
the  azygos  and  intercostal  veins. 

4,  Harvey's  Originality. — M.  Flourens  says,  that 
when  Harvey  appeared  everything  had  been  suspected 
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or  indicated,  but  nothing  established.    This  seems  I 
me  even  less  than  the  truth,  for  I  cannot  ascert 
that  any  one  had  the  slightest  conception  of  the  real  ' 
process. 

Acquapendente  could  malce  nothing  of  the  valves  h 
had  detected.    He  thought  their  office  was  simply  t 
prevent  a  too  great  accumulation  of  blood  in  the  low 
parts  of  the  body,  and  a  diminution  from  the  nppea 
parts. 

Colombo  thought  Trith  his  contemporaries,  that  t 
veins  had  their  origin  in  the  liver,  and  carried  bloc 
to  the  tissues. 

Csesalpinns,  in  spite  of  his  recognition  of  pulmonai 
circulation,  thought  the  blood  also  passed  &om  tha 
light  chamber  of  the  heart  to  the  left. 

But  Harvey  not  only  conceived  a  clear  idea  of  the  i 
process,  he  described  it  minutely  and  accurately.     He 
noticed  the  successive  contractions  which  forced  tlia  j 
blood  into  the  ventricle  when  the  auricle  contracted,  , 
and  forced  it  from  the  ventricle  into  the  lungs  when  J 
the  ventricle  contracted  ;  a  process  repeated  on  1 
left  side  with  the  blood  which  had  come  in  contact  wit| 
air  in  the  lungs.     And  at  each  passage  of  the  blo( 
from  one  cavity  to  another,  there  were  the  valves,  a 
"little  doors"  (pstiold),  opening  to   let  the  cnrngd)  I 
pass,  and  closing  to  prevent  its  reflux 

These  valves  are  represented  in  the  following  figi 
which  shows  the  upper  surface  of  the  heart,  when  1 
auricles  are  removed  : — ■ 

Harvey  described  the  course  of  the  blood  along  t 
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arteries,  whieli  he  attributed  to  the  pnJsations  of  the 
heart ;  and  hi  this,  instead  of  in  Galen 'a  "  pnlsific 


virtno,"  he  recognised  the  cause  of  the  blood's 
meat. 

5.  Reception  of  the  new  Doctrine. — By  Harvey  the 
overthrow  of  ancient  authority  was  completed.  Men 
dared  no  longer  swear  by  Oalen— they  swore  by  Har- 
vey, who  had  discovered  the  gi'eatest  fact  in  the  ani- 
mal economy — a  fact  totally  unknown  and  unsuspected 
by  Galen,  or  any  other  ancient.  The  new  era  had 
commenced. 

It  was  not  in  the  nature  of  things  for  the  old  system 
quietly  to  accept  the  new  ;  accordingly,  the  opposition 
was  loud  and  vehement.     Like  many  other  parts  of 
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this  iastory,  and  tike  most  opposidotis  to  new  doctrine^ 
it  hai  been  immen^y  exaggeated  hj  historians,  and 
by  initerg  who  hare  chosen  it  as  a  theme  for  riietoria 
It  is  true  that  the  Facnity  rejected  the  neor  doctrine ; 
bat  it  is  no  less  trne  that  eminent  men  accepted  tt 
with  enthiuiasm.  If  Guy  Patin  was  cat^tlc  in  opposi- 
tion, Moli&re  laughed  at  Guy  Patin  s  prejudice ;  and 
Boileau  ridicoJed  the  Facility.  Some  anatomists  ac- 
cepted the  doctrine,  and  the  great  Descart^  warmly 
esponsed  it.*  Swammerdamm  unA  ilalpighi,  two  of 
the  great  names  of  the  century,  speak  of  Harvey  with 
reverence ;  and  soon  no  one  spoke  of  him  in  any  other 
tone. 

6.  Gaps  in  the  Doctrine  of  Harvey. — It  is  impos- 
sible to  read  Harvey's  work  without  the  highest  admi- 
mtion  for  the  scientific  genius  it  displays,  and  the  con- 
viction that  here  the  circulation  was  not  only  demon- 
strated, but  for  the  first  time  conceived.  The  e;q>eri- 
ments  and  argumenta  by  which  he  establishes  the  fwt 
are  still  worthy  of  study,  as  models  of  investigation. 

But  there  were  necessary  gapa  in  his  doctrine.     The 

•  The  careloBsness  with  which  liistorj  i»  often  written,  is  oihi- 
Uted  in  the  criticisni  of  M.  Isidore  St  HrLAiBB :  Hut.  da  liigna 
Organiqiut,  i,  49 ;  on  the  passage  in  Cdtier,  Eat.  da  Setmea  IfaU, 
li.  SS,  where  tiarvey  is  laid  to  have  hod  the  mre  happincBS  of  seeing  hi* 
diBcoTBiy  nocepted  by  Deacarteg.  U.  St  Hilflire  remarks  that  this  is 
oil  error,  becnuse  Hurvo;  died  in  1 657,  and  Descartes  did  net  pnMlA 
hii  Trailt  dt  C Homme  until  1062  This  remark  is  doubl;  unfortunate, 
Descartes  having  oi|tresH)d  liis  adherence  to  the  dootrine  in  his  leiy 
flnt  work,  the  Ditconra  dt  la  MSOiodei  and  Harrey  having,  in  his 
SoDond  Reply  to  BJolan,  expressed  Lis  gratification  at  this  Buttering 
approval  of  DeMortea. 


course  of  the  circtilation  ■was  not  known  to  him,  could 
not  indeed  have  been  discovered  by  any  instrumenta  at 
hia  disposal.  He  supposed  the  blood  passed  from 
arteries  to  veins  by  two  patha,  either  through  anasto- 
mosis (that  is  to  say,  the  arteries  opening  directly  into 
veins),  or  through  the  porosities  of  the  parts — aut 
porositates  carnis  et  partium  solidarum,  pervias  san- 
guini.  He  thought  it  necessary  that  so  much  of  the 
blood  as  was  required  by  the  tissues  for  their  nutrition, 
should  i-eraain  behind  in  the  tissues,  and  the  rest  be 
carried  onwards  to  the  heart.  The  error  is  consider- 
able ;  and  its  bearing  on  the  theory  of  the  circulation 
will  be  appreciated  by  any  one  who  reflects  on  the  fact 
that  venous  and  arterial  blood  being  so  obviously  dis- 
tinguished, it  is  necessary  that  the  passage  of  the  one 
into  the  other  should  be  denaonstrated — not  surmised — 
before  the  theory  of  the  circulation  could  be  accepted 
aa  complete ;  for  any  one  might  reasonably  assume 
that  the  blood  in  the  veins  is  altogether  another  fluid 
from  that  in  the  arterie,s,  and  not  merely  another  state 
of  that  fluid. 

This,  indeed,  was  assumed  by  the  adversaries  i 
Harvey,  and  has  found  supporters  even  in  our  own 
day.  Bui'dach  cites  two  German  physiologists — Will- 
brand  and  Kunge— whom  he  thinks  worthy  of  refuta- 
tion, and  who  maintained  that  ai'terial  blood  was  trans- 
formed in  a  mass  into  the  tissues,  and  that  venous 
blood  was  the  re-transformed  tissues.  Unless  the  pass- 
age of  the  blood  into  the  veins  be  clearly  traced,  there 
can  be  no  reason  against  supposing  that  the  veins 


simply  absorb  from  the  tissaes,  in  the  same  way  as  the 
lymphatics  and  lacteals  absorb  their  fluid.  To  prove 
that  the  blood  makes  a  circuit,  that  circuit  must  be 
traced  ;  and  Harvey  plainly  declares  that,  with  all  hia 
diligence,  he  could  not  succeed  in  tracing  any  connec- 
tion between  arteries  and  veins  ;  in  only  three  places 
did  he  find  them  presenting  anything  like  an  anasto- 
mosis ;  in  every  other  place  he  imagined  porosities. 

7.  Discovery  of  the  Capillaries. — Nor,  with  the 
means  at  his  disposal,  covXd  Harvey  have  traced  the 
complete  course  of  the  blood.  The  Microscope  was 
needed;  and  the  first  to  employ  the  microscope  in  such 
researches  was  Malpighi,  who,  four  years  after  Harvey's 
death,  in  1661,  detected  those  Capillaries  which  form  the 
channel  of  communication  between  arteries  and  veina. 
(See  fig.  11,  p.  293.)  He  says  that,  at  first,  he  thought  the 
blood  poured  out  from  the  minute  arteries  in  streams, 
without  hia  detecting  any  vessels  for  these  streams ; 
but  afterwards  he  detected  the  distinct  walls  of  these 
vessels ;  and  he  describes  the  modes  of  examining  them 
in  the  lung  of  the  frog.  Their  network  arrangement 
on  the  pulmonary  cells  is  well  described  by  him,* 
Nevertheless,  in  1668,  Leeuwenhoek  describes  them  as 
if  previously  they  had  been  quite  unknown.  "  I  used 
every  means  I  could  devise,"  be  says,  "  to  see  the 
complete  ciiculation  of  the  blood — namely,  that  oue 


■  MALnOBi :  Epist.  II.  de  PaXw/nahvt,  in  Opera  Omnia,  ii.  327  ut 
t]]e  Ho  edition.  From  the  Optra  Poithiima,  p.  9,  it  uppears  tbnt  tbe 
data  of  this  discorery  was  1661.  I  am  indebtBd  to  ProfeBsor  Soahpst 
for  UiIb  reforsQco. 


'  the  smallest  of  those  vessels  which  we  call  veins, 
arose  from  another  which  is  eallud  an  artery,  and  after- 
wards conveyed  its  contenla  to  a  larger  vein  ;  but  I 
found  this  to  be  impossible,  for  when  I  followed  the 
course  of  the  artery  until  it  became  so  small  as  only  to 
admit  of  one  or  two  globules  to  pass  through  it  at  a 
time,  I  then  lost  sight  of  it."  This  was  in  the  wing  of 
a  bat ;  but  subsequently  he  was  more  fortunate  with 
the  tail  of  a  tadpole  :  "  a  sight  presented  itself  more 
delightful  than  any  that  my  eyes  had  ever  beheld  ;  for 
here  I  discovered  more  than  fifty  circulations  of  the 
blood  in  different  places.  I  saw  that  not  only  the 
blood  in  many  places  was  conveyed  through  exceed- 
ingly minute  vessels,  from  the  middle  of  the  tail  to- 
wards the  edges,  but  that  each  of  these  vessels  had  a 
curve  or  turning,  and  carried  the  blood  back  towards 
the  middle  of  the  tail,  in  order  to  be  conveyed  to  the 
heart.  Hereby  it  appeared  plainly  to  me  that  the 
blood-vessels  I  now  saw  in  this  animal,  and  which  bear 
the  names  of  arteries  and  veins,  are,  in  fact,  one  and 
the  same — that  is  to  say,  that  they  are  properly  termed 
arteries  so  long  as  they  convey  the  blood  to  the  farthest 
extremities  of  its  vessels,  and  veins  when  they  bring 
it  back  towards  th*  heart."  * 

Thus,  then,  was  the  demonstration  of  the  course  of 
the  blood  completed ;  and  we  must  confess  that  it  is 
with  surprise  we  find  all  historians  overlooking  the 
great  gap  in  the  doctrine  which  had  been  left  by 
Harvey,  a  gap  only  filled  up  by  Malpighi  and  Leeuwea- 

'  LEEgwENBOEK;  Stleci  IFnrii,  i.  B2. 
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proportion  of  water.  By  absorbing  its  water,  lymph 
leaves  the  plasma  bathing  the  tissues  in  a  more  con- 
centrated state.  Lymph  is  one  of  the  streams  which 
set  towards  the  heart,  and  join  the  venous  current. 

The  discovery  of  the  Lymphatics  is  tlue  to  Aselli, 
Pecquet,  Rudbeck,  and  Bartholin.  Anatomista  taught 
that  there  were  three  kinds  of  vessels  in  the  body  :  the 
veins,  which  carried  blood  ;  the  arteries,  which  carried 
spirituous  blood ;  and  the  nerves,  which  carried  "  animal 
spirits."  To  the  surprise  of  all,  the  news  came  that  an 
Italian  anatomist,  Aselli,  had  discovered  a  fourth  kind, 
which  carried  the  chyle.  This  discovery  was  announced 
in  1622 — three  years  after  Harvey  first  announced  his 
discovery,  but  six  years  before  his  book  was  published. 

Aselli  was  dissecting  a  dog,  and,  to  his  surprise,  on 
opening  the  abdomen  he  saw  a  network  of  delicate 
white  vessels.  What  could  they  be  f  Did  they  con- 
tain the  chyle  ?  He  pricked  one,  and,  in  a  transport 
of  delight,  exclaimed  Eureka !  as  he  saw  a  milky  fluid 
flowing  out.  But  on  opening  another  dog,  he  v?a3 
greatly  discouraged,  for  there  was  not  a  vessel  of  the 
Jdnd  to  be  seen.  Had  he  been  deceived  ?  Was  hia 
joy  premature?  In  this  perplexity  it  occurred  to  him 
that  the  first  dog  had  been  fed  a  little  while  before 
it  was  opened  ;  whereas  the  second  dog  was  fasting. 
With  the  insight  of  genius,  AselH  detected  here  the 
clue  which  might  lead  him  to  the  truth.  He  fed 
another  dog ;  four  hours  afterwards  he  opened  it,  and 
had  the  intense  satisfaction  of  once  more  seeing  the 
milky  vessels, 


But  although  AaeUi  made  Europe  aware  of  a  new 
system  of  vessels,  which  he  named  Lacteals,  he  foiled 
to  trace  their  issue.  He  thought  they  conducted  the 
chyle  to  the  liver. 

In  16i8,  a  French  anatomist,  Pecquet,  distrusting 
the  conclusions  of  that  '.'miite  and  frigid  science,"  as 
he  calls  the  dissection  of  dead  bodies,  determined  to 
seek  the  truth  in  the  living  organism,  and  began  a 
series  of  vivisections.  He  was  rewarded  by  the  dis- 
covery of  the  course  token  by  the  chyle  in  the  lacteals, 
as  it  passes  into  the  Eeservoir,  still  named  after  him, 
and  along  the  Thoracic  Duct,  to  be  poured  into  the 
subclavian  vein,  and  thence,  mingled  with  ths  blood, 
into  the  heart. 

In  1650,  Eudbeck,  a  young  Swede,  discovered  the 
lymphatics  in  the  liver,  and  their  connection  with  the 
reservoir  of  the  chyle. 

In  1652,  Bartholin,  another  Frenchman,  completed 
this  discovery  by  finding  the  lymphatics  in  the  viscera 
and  limbs,  and  by  tracing  them  into  a  common  trunk. 

These  discoveries,  following  in  such  quick  succession, 
greatly  disturbed  the  equaninaity  of  the  Faculty,  whose 
members  swore  by  Galen,  and  could  not  tolerate  the 
idea  of  the  ancients  being  supposed  to  have  overlooked 
anything.  "  Un  chacun  invente  h  present ! — Eveiy- 
body  must  needs  be  a  discoverer  nowadays,"  was  the 
indignant  sarcasm  of  Kiolan,  the  most  renowned 
teacher  of  that  day — the  only  adversaiy  whom  Harvey 
condescended  to  answer,  and  of  whom  he  stood  in  such 
awe,  that,  even  when  answering  his  attacks,  he  declares 


318 


CI&OULATION  OF  THB  BLOOD. 


the  book  wliich  contains  those  attacks  "will  live  for  | 
ever,  aud  when  marble  shall  have  mouldered,  will  prt>- 1 
claim  to  posterity  the  gloiy  which  belongs  to  your  I 


Harvey  knew  indeed  of  the  existence  of  the  lacteala,.] 
and  says  that  he  had  observed  them  before   Asellil 
pTiblished  his  book.    But  he  deniedtbat  they  contained  ■ 
the  chyle,  and  he  is  twitted  by  Riolan  for  his  disbelieCl 
In  consequence  of  this,  a  tradition  has  come  down,  thaifl 
Harvey  showed  the  same  spirit  of  opposition  towards  ^ 
the  novelties  of  others,  as  was  shown  by  others  towards 
the  novelties  he  advocated ;  but  this  is  a  mistake.     If 
the  reader  will  turn  to  Harvey's  letter  to  Dr  Morison 
of  Paris,  he  will  see  a  very  cii'cumstantial  and  tem- 
perate exposition  of  the  ohjectiona  which  Harvey  felt 
against  the  notion  of  the  lacteals  conveying  the  chyle : 
many  of  these  objections  are  of  great  force,  and  etiU  I 
remain  unshaken.      His  chief  error  is  in  supposing   ' 
that  the  fluid  in  the  lacteals  is  milk.     But  he  insists 
very  properly  that  it  should  be  demonstrated  that  this  , 
fluid  is  I'cally  chyle  brought  from  the  intestines, 
that  it  supplies  nonrishnient  to  the  whole  body  ;  "  fat'l 
unless  we  are  agreed  upou  this  point,  ail  discusdon  iflfl 
vain."      Subsequent   investigations  have   cleared   up) 
what  was  obscure,  and  have  shown  that  the  lactealfl 
convey  lymph  mingled  with  fat,  and  that  the  lymph-J 
atics  convey  whatever  they  can  absorb  from  the  tissue^   , 
in  which  they  are  imbedded  like  the  roots  of  a  tree  in 
the  earth.     Tlie  lacteal  and  lymphatic  streams  are  o 

*  Exercil.  dt  Cirail,  ad  Siala/ittvi,  16i9  ;  last  paragrsph. 


fluent  -with  the  great  venous  streams,  and  thus  form 
parts  of  the  circulation. 

It  may  now  be  convenient  to  state  in  a  few  brief 
sentences  the  results  of  all  these  discoveries,  and  the 
course  taken  by  the  circulation.  For  this  purpose,  let 
us  cast  a  glance  at  the  disposition  of  the  organs  repre- 
sented in  figure  15,  on  the  following  paga 

The  Food  having  become  chyle  in  the  intestines,  is 
from  them  carried  to  the  heart  by  these  two  courses : 

1°.  The  system  of  portal  veins  (Vp)  wiiich  conduct 
the  chief  mass  to  the  liver ;  from  the  liver,  the  chyle, 
now  become  Blood,  passes  along  by  the  inferior  vena 
cava  to  the  right  auricle  of  the  heart  (h). 

2°.  The  system  of  Lacteals  {VT),  which  conduct  the 
fluid  through  the  mass  of  mesenteric  ganglia,  m  (not 
to  be  confounded  with  nervoas  ganglia),  to  the  Efiser- 
voir  of  Pecquet  (5)  along  the  thoracic  duct  ((,  (), 
whence  it  is  poured  into  the  subclavian  vein,  and  there 
mingling  with  the  venous  blood,  it  is  afterwards  carried 
to  the  heart  and  through  the  lunga  to  be  arterialised. 

Thus  the  Food  reaches  the  heart  as  Blood.  From 
the  heart  it  takes  the  course  aJready  described. 

The  arteries  carry  the  blood  to  all  parts  of  the  body 
by  a  system  of  subdividing  branches,  the  twigs  ( 
which  are  Capillaries.  Through  the  walls  of  these 
capillaries  some  of  the  elements  of  the  blood  pass  to 
nourish  the  tissues. 

The  Capillaries  are  continuationa  of  the  arteries,  and 
the  veins  are  continuations  of  the  capillaries  (or  more 
correctly   speaking,   the   capillaries  are  intermediate 


vessels  imitiiig  these  two).  Into  the  veins  that  por- 
tion of  the  blood  enters  which  has  lost  its  arterial  cha^ 
racter  in  the  passage  through  the  capillaries.  Into 
the  veins  also  the  Lymphatics  pour  their  fluid,  which 
is  partly  the  unused  plasma,  of  the  blood  absorbed 
from  the  tissues,  and  partly  the  products  of  waste  in 
the  tissues.  When  the  Lymphatics  arise  from  the 
intestines  they  are  called  Lacteals,  or  chyliferous 
vessels,  and  carry  some  portions  of  the  digested  food, 
as  weil  as  lympL  This  compound  of  altered  blood,  un- 
used plasma,  wasted  tissue,  and  food,  forms  venous 
blood,  and  is  carried  by  the  innnmerable  veins,  ramify- 
ing all  over  the  body,  to  two  great  venous  trunks,  the 
vente  cavw,  inferior  and  superior  (Vc  and  Vc'],  which 
pour  the  whole  mass  into  the  right  anricle  of  the  heart. 

9.  Savvey's  Claims. — Prom  the  preceding  exposi- 
tion of  the  march  of  discoveries,  it  is  clear  that  Harvey 
did  not  discover  all  that  we  mean  by  the  circulation  of 
the  blood  ;  but  he  discovered  the  great  fact,  that  the 
blood  does  circulate,  propelled  from  the  heart  along 
the  arteries,  and  back  to  the  heart  and  lungs  through 
the  veins. 

Having  thus  shown  that  he  did  not  discover  the 
whole  course  of  the  circulation,  we  have  now  to  show 
that  he  did  not  discover  its  whole  cause.  Before  doing 
so,  it  will  be  interesting  to  remark,  that  in  one  impor- 
tant respect  he  was  behind  Servetus,  for  he  thought 
that  the  blood  returned  to  the  heart,  as  to  a  fountain, 
there  to  receive  the  additions  necessary  to  its  perfec- 
tion —  tanguam.  ad  fontem  aive  ad  lares  corporis, 


perfectionia  recuperandcB  ca/iisa  reverli.  Servetus 
correctly  stated  that  it  was  in  the  lungs,  and  not  in  ■_ 
the  heart,  that  this  perfection  was  attftined.  Instead  1 
of  perceiving  that  arterial  blood  acquired  its  bii^feJ 
colour  by  its  exposure  to  the  air,  Harvey  maintainoc 
that  this  colour  was  owing  to  the  lighter  part  being! 
"  strained  "  from  the  heavier  in  its  passage  througb-fl 
minute  openings.  "  lu  blood-letting,  when  tlie  blood  I 
forcibly  canapes  to  a  distance  in  a.  full  stream,  it  is  j 
thicker  and  darker ;  but  when  flowing  from  a  small  J 
orifice  drop  by  drop,  it  is  brighter  because  it  is  thei 
strained,  and  the  thinner  portion  alone  escapes.'' 
know  that  the  difference  is  owing  to  a  more  ] 
exposure  of  the  whole  mass  to  the  air  when  it  issnes^l 
slowly  in  drops,  and  that  is  why  the  blood  is  then  otm 
a  brighter  hue.  Harvey,  having  no  suspicion  of  this  -I 
atmospheric  influence,  is  driven  to  ingenious  deTices^ 
to  explain  the  change  of  colour.  "  In  the  lungs,"  li».l 
says,  "  it  is  more  florid  than  in  the  arteries,  because  ift  1 
is  strained  through  the  pulmonary  tissue."  His  notion  I 
of  tlie  oflace  of  the  lunga  waiS,  that  they  served  to  ctxii  I 
the  blood,  "  and  prevent  it  from  lioiling  up." 


11°.  Cause  of  the  Circulation. — What  is  it  which 
causes  the  blood  to  circulate  ?  "  The  heart,"  answers  an 
unhesitating  reader.  That  the  heart  pumps  blood  in- 
cessantly into  the  arteries,  and  that  this  pimiping  must 
drive  the  stream  onwards  with  great  force,  there  is  no 
donbt ;  but  although  the  most  powerful  agent  in  the  , 
circulation,  the  heart  is  not  the  sole  agent :  and  the  | 


more  we  study  this  diflScult  question,  the  more  our 
doubts  gather  round  the  explanation. 

1.  Circulatimi  in  the  absence  of  a  Heart. — Let  a 
few  of  the  difficulties  be  Btat€d,  There  hare  been 
cases  of  men  and  animals  bom  without  a  heart ;  these 
"  acardiac  monsters "  did  not  live,  indeed  could  not 
live  ;  but  they  had  grown  and  developed  in  the  womb, 
and  consequently  their  blood  must  have  circulated. 
In  most  of  these  cases  there  has  been  a  twin  embryo, 
which  was  perfect ;  and  the  circulation  in  both  was 
formerly  attributed  to  the  heart  of  the  one  ;  but  it  has 
been  fully  estabUshed  that  this  is  not  the  case.  Fur- 
ther, Dr  Carpenter  reminds  us  that  "  it  has  occasion- 
ally been  noticed  that  a  degeneration  in  the  structure 
of  the  heart  has  taken  place,  during  life,  to  such  an 
extent  that  scarcely  any  muscular  tissue  could  at  last 
be  detected  in  it,  but  without  any  saeh  interruption  to 
the  circulation  as  must  have  been  anticipated  if  this 
organ  furnishes  the  sole  impelling  force."*  On  the 
other  hand,  an  influence  acting  on  the  capUlaries  will 
give  a  complete  check  to  the  action  of  the  heart 
although  that  organ  is  itself  perfectly  healthy  and 
vigorous. 

Professor  Draper  conceives  tliat  circulation  in  the 
liver  is  peculiar,  since  a  complete  circuit  is  there 
perfonned  by  the  blood,  yet  no  heart,  or  pulsating 
organ,  is  found  in  that  circle ;  the  small  vessels 
which  belong  to  the  intestine  converge  into  a  large 
_       trunk,   and   this   portal  vein   on    entering  the  liver 

B  *  Uumaa  Pliysioloay.  p,  2i9, 
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ramifies  over  it  in  the 

manner  of  an  artery — that  14 

Pig.  IB. 

to    say,     it     branches     ai 

..     ®^\.'' 

branches  into   the   minuU 

subdivisions,  and  terminal 

'S^M 

in    capillaries ;    these     01 

more  converge   into  ven£ 

'"~  J^ra^^^^ 

trunks,  and  carry  the  altei 

"t^H' 

blood  from  the  liver.     H«( 

is  a  complete  circle,  analogoa 

to  that  larger  circle   whi 

traverses    the    whole    bo 

W^Mv  1) 

But  this  circulation  is  depen 

nfj|.// T ' 

ent  on  the  primary  impulsi 

'Mfwl  1 

given    by    the    heart ;     a 

I'M 

Prof.  Draper  would  have. 

8  \J/—-\~ 

show  that  without  the  he 

1  //'' 

the  circuit  would  still  be  p 

\   /      \ 

/^ 

formed,  before  he  could  da 

/  f 

the  liver  as  an  illustration 

; 

his  views.     He  also  refers 

the  circulation  in  the  fish. 

The  fish  has  a  heart,  I 

that   heart  only   drives 

blood  into  the  gills ;  it  d 

H01 

not  suffice  for  the  rest  of 

CiMui-iimMiFiTHiPnii. 
1.  Amictai  a    VenWclei  3. 

body — it  is  a  pulmonary,  1 
a  systemic  heart.   This  will 

Arwriil  b..lb:  *,  Anary  of  ihB 

understood  by  reference  to  i 

tcllD.;    HI.    P..rt«l    Villi.,     11. 

following  figure,  which  rep 
senta  the  circulation  in  a  fi 

CIBCtJLATIOX  IK  THS  FIBB. 

The  Wood,  propelled  from  the  auricle  into  the  ven- 
tricle, is  aerated  iii  the  capillaries  of  the  gills,  and  de- 
scends through  them  into  the  aorta,  not  into  the  heart; 
and  from  the  aorta  it  passes  to  the  rest  of  the  body, 
from  whence  it  returns  througli  Teins  to  the  heart. 

Thus  we  perceive  that  in  the  fish,   although  the 
blood  performs  a  complete 
circuit,  it  only  once  enters 
the  heart ;  whereas  in  the 


Fig.  17. 


twice  enters 
the  heart,  going  to  and 
returning  from  the  lungs. 
The  following  theoretic  dia- 
gram (copied  from  MUne- 
Edwards  like  the  preced- 
ing) may  assist  the  reader 
in  formingadistinct  concep- 
tion of  the  fish  circulation. 

This  diagram  should  be 
compared  with  that  at  p. 
298,  in  order  to  detect  the  nuoruMorCmcuunoN 

important  differences  be-  i,  Auriciej  s.  vwiirioe- s  veaeii 
tween  the  circulation  in  the  4'  AliErtiuj^Bm"SB!Jliuga"™Md 
fish  and  the  mammal 

It  is  possible  to  meet  these  difiieulties,  but  the  ob- 
jections to  the  Harveyan  doctrine  do  not  end  here.  The 
heart  may  be  removed  in  cold-blooded  animals,  and  the 
capillary  circulation  will  continue  for  some  time,  in 
Bpit«  of  that  removal.  This  has  been  observed  more 
e ;  and  although  I  bad  myself  observed  it  some 


time  ago,  yet,  in  preparing  these  pages  for  public 
I  again  investigated  the  point ;  and  for  this  pm 
removed  the  heart  of  a  Triton,  ivith  as  much  care  a 
possible,  and  found  the  circulation  going  on  in  1 
tail  for  some  minutes  afterwards  ;  nor  did  it  entir 
cease  on  separating  the  taU  from  the  body* 

While  the  fact  was  thus  indubitable,  I  had  maa 
doubts  as  to  the  cause.    But  the  fact  is  enough  for  a 
present  purpose ;  and  that  it  is  also  true  of  wai 
blooded  animala  may  be  inferred,  since  after  dea 
various   processes   of    secretion,   and    some    eTen  { 
growth  (as  of  hair,  beard,  &c.),  are  known  to  ■ 
place ;  and  this  seems  to  imply  capillary  circula^ 
"After  most  kinds  of  deatli,"  says  Dr  Carpenter,  ' 
arterial  system  is  found,  subsequently  to  the  lapse  o 
few  hours,  almost  or  completely  emptied  of  blood ; 
is  partly,  no  doubt,  the  effect  of  the  tonic  contr 
of  the  tubes  themselves;  but  the  emptying  is  coM 
monly  more  complete  than  could  thus  bi 
for,  and  must  therefore  be  partly  due  to  the  contli 

*  A  curious  tuat  <iomieclecl  vdth  tbia  iuTestigatioQ  may  hers  fi 
place,     HnTing  Bome  duubta  lu  to  tlie  cause  of  tbe  continued  cl 
tion,  I  prooeedeil  to  repeat  tlie  eiperimert  with  another  Triton  J  '• 
no  sooner  vat  the  thorax  opened  than  I  waa  seiiced  wit 
dineaa  and  faintness,  which  cauaed  mo  instaotlj  to  throw  optm  tha  #j 
dow,  and  hraatho  energetically  tor  some  minutes ;  and,  of  conrao^  H 

remembranoe  of  a  poasngo  in  Mr  Bdckla.kd's  Ciriotiiia 
Siilon/  narued  me  of  the  danger.    Ho  describea  a  simi! 
bavlDg  arisen  during  '''*  disBeotion  of  a  Triton  recently  dead,   i 
note-worth;  circumatance  ia,  that  the  effect  is  b;  no  n: 
1  have  diasected  scores  of  Tritons,  hut  this  was  the  o 
whicli  any  effect  nai  percsptible. 


ahee  of  the  capillary  circulation.  It  has  been  observed 
by  Dr  Bennet  Dowler,  that  in  the  bodies  of  individuals 
who  have  died  from  yeiiow  fever,  the  external  veins 
frcqueutly  become  so  distended  with  blood,  within  a 
few  minutes  after  the  cessation  of  the  heart's  action, 
that  when  they  are  opened  the  blood  flows  in  a  good 
stream,  being  sometimes  projected  to  the  distance  of  a 
foot  or  more.  It  is  not  conceivable  that  the  slowly- 
acting  tonicity  of  the  arteries  could  have  produced  such 
a  result  aa  this  ;  which  can  scarcely  therefore  be  attri- 
buted to  anything  else  than  the  sustenance  of  the  ca- 
piDary  circulation  by  forces  generated  within  itsel£" 

2.  Rapidity  of  the  Circulation. — Those  who  have 
never  watched  with  attention  the  circulation  in  the 
capillaries,  may  perhaps  imagine  that  the  mere  force 
of  the  heart  which  propels  the  blood  into  the  gills, 
will  sufBce  to  propel  it  also  thi-ough  the  general 
circuit     They  will  see  the  heart  of  the  fish  beating 

ITigorously,  and  will  imagine  these  pulsations  sufBce. 
But  tills  wiil  no  longer  seem  so  plausible,  if  we  place 
the  tail  of  a  tadpole,  or  the  foot  of  a  frog,  under  the 
microscope,  and  delight  ourselves  with  the  wondrous 
spectacle.      We  shall  immediately  perceive  that  the 
blood  flows  with  far  greater  rapidity  in  the  arteries 
than  in  the  capillaries ;  we  shall  note  that,  although 
the  heart  continues  its  vigorous  pulsations,  and  the 
L    blood  in  the  arteries  advances  in  regular  leaps,  the 
I    currents  in  the  capillaries  are  very  irregular,  some- 
I    times  momently  arrested,  and  even  reversed.     Instead 
H    of  the  leaping  rush,  we  perceive  an  unsteady  fiov). 


— We  have  seen  that  a  cur- 

ir  prevents  carbonic  acid  from  being  nos- 

t  qnantity  be  very  considerable  ;  and  it  is 

f  that  coal,  coke,  candles,  gas,  &c.  can  be 

irtments  without  injury.     But  it  is 

r  that  a  earrent  of  fresh  air  will  not 

h  from  anffooation.    It  is  important 

S  is  no  absolute  safety  in  the  fact  of 

mtilated ;  the  mere  presence  of  car- 

t  cause  suffpciLtion  in  such  a  room, 

I  carbonic  acid  is  frequently  accom- 

f  carbon,  and  it  is  to  this  we  must 

jnts  which  have  occurred  in  manu- 

)  workmen,  seated  at  tables  under 

^'bfinung,  have  fallen  ba«k  suffocated. 

pi^aae  of  asphyxia  which  occurred  in  a 

jj  irindow-panes  of  which  was  broken, 

jj^of  air  must  have  circulated  in  it.     In 

K  of  Paris  was  found  suffocated  in  his 

BToom  in  which  he  slept  was  over  the 

;  with  it  by  an  open  staircase,  and 

indows,  opening  on  the  street,  im- 

a  spite  of  this  free  access  of  air,  the 

a  a  stove  in  which  coke  and  coal 

Bated  bim 

if  the  air ;  but  it  has  the  merit 
||t«ming  of  the  danger,  by  the  horrible 
Qtpanies  its  escape.  This  smell  is  per- 
B  ia  only  one  part  in  a  thousand  parts 
reiy  offensive  when  the  proportion  is 


which  ia  never  at  any  time  equal  in  rapidity  to  the 
flow  in  the  arteries. 

This  slackening  of  the  capillaiy  cnrrent  is  held  to 
ho  an  important  point  in  the  present  discnssion.  Al- 
though pi-ecise  estimates  are  excessively  difBcnlt  in 
such  cases,  we  need  accept  the  eatimates  yet  made  as 
only  approaching  the  truth,  and  the  argument  is 
equally  fortified  by  them,  for  the  difference  in  the 
rate  is  enormous :  iu  the  main  arteries  the  blood 
rushes  at  the  rate  of  a  foot  per  second;  in  the  capil- 
laries only  an  inch  per  minute.* 

What  does  that  indicate?'   It  indicates  that,  when 
the  heart  has  driven  the  blood  along  the  arteries  at  a 
rapid  rate,  there  is  a  considerable  retardation  occur- 
ring in  the  capillaries,  which  must  call  for  some  new    ' 
force  to  restore  the  rate.-|- 

Not  further  to  multiply  examples,  we  may  take  onrl 
stand  on  these,  and  pronounce  the  Harveyan  doctrine  I 
to  be  incomplete,  since  it  fails  altogether  to  account  for  j 
many  important  phenoniena.    Whatever  influence  the  I 

*  Tliil  ia  VnlfiDtm  ^d  Wal»r'a  estimate.  Draper  makca  the  rats  in  I 
the  capillaries  an  inch  in  three  tuinutea,  nbich  would  Imply  that  tbo  I 
arterial  curratit  was  2100  times  more  ntpid  than  the  capillarf  ct 

t  The  force  of  thisat^ument  is  destroyed  b}' tlie  remark  of  b  friend  of  1 
mine,  that  the  Klnckeaing  of  the  oapllkry  current  raaj'be  explained  on  1 
the  principle  of  Hydraulics,  thn  t  "  if  in  any  part  of  a  closed  current  tin 
flectional  area  of  the  current  is  incrensed,  the  reloeity  ia  diminiahed." 
Wbera  ariverwidoiiB,  its  tolocitj  atnckcns,  and  is  recovered  again  irlwr*  1 
it  narrona.  The  total  Beotional  Breii  of  the  capillaries  being  a 
greater  than  that  of  the  arteries,  supplying  them,  there  is  no  need  ofanji 
nthorcaasetoeiplaintheretardBtiAiandrecDTery  of  thevelocitj.  TUa  I 
Direction  destroys  the  fores  of  the  aignment  derived  &om  the  re 
tion  in  the  capillaries,  bat  it  does  not  touch  the  other  ar 


action  of  the  heart  may  exert,  it  is  not  the  sole  cause 
of  the  circulation,  but  only  one  of  the  causes.  But 
before  attetoptiug  to  assign  the  other  causes,  let  us  see 
the  part  actually  assignable  to  the  heart. 

3.  The  Motions  of  the  Heart. — The  motions  of  the 
heart  consist  in  the  alternate  contractions  and  relaxa- 
tions of  its  muscular  walls.  The  process  is  this :  The 
two  antechambers  (auricles)  suddenly  contract ;  imme- 
diately afterwards,  hut  while  the  auricles  are  still  con- 
tracted, the  two  chambers  {ventricles)  also  contract, 
having  been  powerfully  expanded  by  the  msb  of  blood 
from  the  auricles.  This  contraction  is  named  the  systole 
of  the  heart.  It  contmuea  for  a  moment,  and  is  fol- 
lowed by  a  relaxation  of  the  two  auricles,  which  is 
immediately  succeeded  by  the  relaxation  of  the  two 
Tentricles.     This  relaxation  is  named  the  diastole* 

During  each  beat,  two  sounds  may  be  heard ;  one 
dull,  which  may  be  imitated  by  pronouncing  the  word 
lubb;  the  other,  quickly  succeeding  it,  has  a  sharper 
sound,  like  dup.  The  former  sound  is  supposed  to  be 
due  to  the  contraction  of  the  muscular  fibres  of  the 
Tentricles,  and  the  thump  of  the  heart  against  the 
chest ;  aided,  no  doubt,  by  the  rush  of  blood  and  the 
closing  of  the  valves.  The  latter  sound  is  caused  by 
the  shutting  of  the  semilunar  valves  of  the  aorta  and 
pulmonary  artery. 

•  Although  Harvoy  describea  the  prooass  correctly,  Haller,  and, 
until  quite  recently,  all  suceefding  writers,  deacribed  the  contraction 
of  the  auricles  as  coincident  with  the  rolaiation  of  the  TBntriolsa. 
Ilia  moTcment  ib  really  wave-liko,  nsil  the  eontraction  praiea  on  from 
one  aarity  to  another  before  tbe  relaxatuJU  Hapervenea, 


4.  TIte  False. — The  number  of  pulsations  varies 
greatly,  uot  only  between  different  sexes  and  different 
individuals,  but  at  different  ages  and  conditions  of  the 
same  person.  The  following  table  shows  the  average 
at  several  epochs  i — 


In  the  fcctuB  iniitero,  . 

150  to 

150 

Kewly-bom  infant,       . 

130   „ 

140 

During  the  1st  year,     . 

115    „ 

130 

During  the  2d  year, 

100   „ 

115 

Duiing  the  3d  year,      . 

95    „ 

105 

From  the  7th  to  14th  year, 

80   „ 

90 

From  the  14th  to  21st  year. 

75    „ 

85 

Frooi  2l6t  to  GOth  year, 

70   „ 

75 

Old  age,      . 

75    , 

80 

These  figures  open  a  wide  field  for  speculation,  espe- 
ciaBy  when  coupled  with  the  differences  noticed  between 
the  sexes,  the  female  having  greatly  the  superiority 
over  the  male  in  respect  of  frequency,  her  pulse  beating 
from  ten  to  fourteen  times  a  minute  beyond  that  of 
man.  It  must  be  remembered,  however,  that  a  q^uick 
pulse  and  a  strong  pulae  are  very  different  things.  The 
rate  of  the  pulse  varies  at  different  periods  of  the  day, 
gradually  diminishing  from  morning  to  night,  and 
notably  declining  during  sleep.  It  is  quickened  during 
exercise  and  digestioiL  It  is  slower  when  we  lie  down 
than  when  we  ait,  slower  when  we  sit  than  when  we 
stand.* 

'  A  Tduable  coUadJon  of  details  mspeDtJng  the  frcquono;  oF  Uie 
pnlsD  will  be  round  in  MllJtG-EDW^RDe  :  LecoTU,  i'.  Gfi  et  «;.  /  and 
BBB.VABD  :   Liquida  de  COrsanitme,  L  221. 
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5.  Cause  of  the  Pulse. — What  is  it  causes  the  beat- 
ing of  the  heart  ?  Haller  and  his  school  attributed  it 
to  the  irritability  of  the  muscular  walls,  wbieh  are 
stimulated  by  the  presence  of  the  blood.  There  is  this 
fact  in  favour  of  such  an  hypothesis,  namely,  that  after 
the  heart  has  ceased  to  beat,  and  its  irritability  is  ex- 
tinct, a  little  arterial  blood  injected  into  it  will  cause  it 
instantly  to  resume  its  pulsations.  This,  however,  is 
met  by  another  fact,  that  the  heart  contiuues  to  beat 
long  after  it  is  empty  of  all  blood. 

Nor  is  the  common  statement  correct,  that  the 
heart  retains  its  irritability  longer  than  any  other 
muscle ;  I  have  found  the  tail  and  lower  extremi- 
ties of  a  Triton  preserving  their  irritability,  and,  indeed, 
almost  all  their  vital  propertieSj  several  hours  after  the 
heart  had  ceased  to  beat :  and  Budge  found  the  ampu- 
tated leg  of  a  Frog  retain  ita  irritability  as  long  as 
the  heart.* 

Not,  therefore,  by  the  possession  of  any  greater 
irritability  is  the  heart  distinguished  from  other  organs, 
but  by  the  possession  of  a  power  of  spontaneous  con- 
traction, such  as  they  do  not  manifest.  Other  muscles 
will  contract  if  some  stimulus  be  applied,  but  they 
remain  quiet  so  long  as  they  are  undisturbed.  The 
heart  does  not  remain  quiet  Remove  it  from  the 
body,  and  you  will  see  its  rhythmic  pulsations  con- 
tinuing almost  as  if  it  were  within  a  Uving  breast.  Cut 
)  into  two  halves,  and  each  half  will  con- 
•  DOSDEBS  ;  Pkysialogie  da'  Mmichta,  i.  19. 
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tinue  beating.*  Cut  it  across,  through  both  auricles 
and  ventricles,  and  both  sectiona  will  beat  as  before. 

This  is  one  of  the  Bpeetacles  that  assail  the  mind 
of  the  anatondst  with  somewhat  of  a  tremulous  awe. 
The  beating  of  the  heart,  which  from  his  childhood  he 
has  learned  to  associate  in  some  mysterious  maimer 
with  life  and  emotion,  he  here  sees  occurring  under 
circumstances  removed  from  all  possible  suggestions  of 
emotion  or  life.  "What  mean  those  throbbinga  ?  They 
are  not  the  equable  movenaents  of  Life  ;  they  are  not 
the  agitations  of  terror ;  they  are  not  the  impulses 
of  instinct.  Dead  and  destroyed  is  the  wondrous 
mechanism  of  which  this  heart  but  lately  formed 
the  mainspring ;  and  yet,  beside  the  inert  body  lies 
this  beating  organ,  as  if  in  the  expiring  agonies  of 
struggle. 

Why  is  this  ?  For  many  years  no  explanation 
could  be  given.  We  now  know  that  in  the  sub- 
stance of  the  heart  there  is  a  complete  little  nervous 
system,  consisting  of  ganglia  and  nerves.-f-  This 
system  is  not  made  up  of  the  nerve- filaments  which 
come  from  the  pneumogastric  nerve.  It  is  a  system 
belonging  to  the  heart.  Ganglia  are  to  be  found  at  the 
base  of  the  auricles  and  ventricles.  The  awricular 
septum  of  the  frog's  heart  is  the  test  place  in  which 
to  study  these  gangha,  because  it.s  transparence  pennits 
microscopic    investigation,    without   any  preparation, 

*  Honey  waa  BCquaint«d  vith  this  fiict. 

+  la  ChttptarVm.thB  reader  win  learn  what  is  meant  by  fianglU  ; 
for  the  presBDt  It  is  eoODgh  to  taj  they  are  the  nerre-ecnlrM. 
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which  might  alter  the  natural  disposition  of  the  parts." 
In  mammals  the  ganglia  may  be  found  on  the  surface 
of  the  auricles ;  aud  according  to  Eemak,  who  may  be 
considered  the  discoverer  of  this  ganglionic  system,-f- 
they  are  also  on  the  surface  of  the  ventricles.  Todd 
and  Bowman.J  however,  declare  they  could  not  find 
them  iu  the  ventricle  of  the  calf.  I  was  equally  unable 
to  find  them  in  that  of  a  pig,  a  mole,  a  mouse,  a  cat, 
and  a  kitten ;  and  Eckhard§  saw  fibres,  but  no  ganglia, 
in  the  septum  of  the  tortoise.  It  is  probable,  therefore, 
that  there  are  considerable  variations  in  the  distribu- 
tion of  these  ganglia ;  but  the  fa«t  of  their"  existence 
is  enough  for  us. 

From  these  ganglia  nerves  are  distributed  through 
the  muscular  substanca  That  it  is  to  this  nervous 
apparatus  we  axe  to  ascribe  the  spontaneous  activity  of 

*  Few,  I  tbialt,  who  oiaiuiiia  a  gajiglion  thus,  con  resist  tlie  con- 
clusion that  the  fibres  pasBboBide  and  roiiad  tbe  celb,  but  are  iMtaJl  in 
in  witli  them.  I  never  3»w  any  but  "  apolar  cells  "  in 
ilivee  ganglia ;  and  threo  veiy  emineDt  aoatomiata  have  asanrod  tno  that 
i;  also  have  foiled  to  detect  a  single  cell  in  direct  connectiDn  nith  a 
fibre.  If  these  n^atives  do  not  aSbct  the  positive  statemeut  of  thosa 
who  say  they  have  Been  such  cells  in  connection  with  fibrea,  at  least 
the;  ealablish  the  fact  that  this  connection  is  by  no  means  ntctiiarj'. 
For  my  own  part,  attentive  study  of  the  nervous  tissue  ic  every  class 

ceptlon  of  cells  being  necessarily  in  direct  connection  with  Sbrea  is 
untenable. 

t  REM4K  in  Millei'i  Anhiv,  184J. — Compors  also  Lxk  :  On  the 
Gcmgl!aandffenaB/t&eMear(,Pbiios.  Trans.,  IS 49. 

i  Todd  and  Bowmah:    Pkytlalogical  jlnotomy,  ii.  342  (whore  tta 

!.  a,  Fiti/tiQi.,  p.  151, 


the  heart  is  easily  proved  ;  for  if  any  part  be  severed 
from  all  connection  with  the  ganglia,  the  pulaations 
cease  at  once  in  that  part ;  but  if  any  part  be  severed 
which  still  retains  a  ganglion,  the  pulsations  will  con- 
tinue. The  movements  during  life  or  death  are  thus 
seen  to  be  due  to  the  ganglia. 

But  why  these  ganglia  retain  their  power  after  the 
circulation  has  been  destroyed,  and  why  a  similar 
power  is  not  observable  m  other  ganglia,  still  remains 
a  problem.  It  seems  certain  that  the  power  is  only 
retained  during  the  continuance  of  those  molecular 
changes  which  we  vaguely  name  vital ;  for  if  the  heart 
be  subjected  to  the  influence  of  foreign  gasea,  or  be 
dipped  in  oil,  its  pulsations  Buddenly  cease :  on  the 
contrary,  if  arterial  blood  be  injected  long  after  the 
cessation  of  all  movement  (provided  decomposition  has 
not  commenced),  the  contractions  are  resumed.*  It 
has  been  observed  to  beat  in  an  exhausted  air-pump  ; 
which  excludes  the  idea  of  the  atmosphere  being  the 
stimulus  that  sets  it  going. 

The  heart  pulsates  in  the  embryo  long  before  it  con- 
tains blood,  and  long  before  any  nerves  have  be^i 
developed  in  it — when,  indeed,  it  is  nothing  but  a  niasa 
of  cells.  Nor  have  we  any  evidence  of  the  existence 
of  nerves  in  those  pulsatile  sacs  which  constitute  the 
hearts  of  the  simpler  animals :   not  only  is  there  no 

*  Harrey  aayi  tbat  one  day,  after  the  heart  of  a  pigeon  had  CMued 
to  boat,  he  placed  his  ficKer  on  it  wetted  with  slUtil,  and  in  s  ihort 
undar  the  infliionce  of  thLa  "  fermantatiDn,"  aa  ho  calls  i^  tbs 
recoTSrcd  its  vigour,  and  both  auritloa  and  Toati 
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evidence  of  such  a  structure,  but  all  the  evidence  is 
decidedly  against  our  supposing  that  these  pulsatile 
sacs  derive  their  contractions  from  nervous  influence. 

Here  the  reader  probably  thinks  he  sees  a  flagrant 
contradiction  in  our  statements.  We  first  do  our 
utmost  to  show  that  the  heart  contracts  only  under 
nervous  agency,  and  we  then  quietly  assert  that  the 
embryonic  heart,  no  less  than  the  heart  of  various 
animals,  is  under  no  such  agency  whatever,  yet  it  pul- 
sates with  a  vigour  not  to  be  gainsaid. 

But  the  contradiction  is  only  apparent  The  student 
of  Physiology  must  expect  to  meet  with  such  at  every 
stage  of  inquiry.  Extending  his  investigations  into 
the  vast  field  of  animal  life,  he  will  gradually  learn  that 
Contractility  is  one  of  the  vital  properties  of  tissue, 
which  may  be  excited  by  various  stimuli.  We  happen 
to  know  with  tolerable  certainty,  that,  in  the  heart  of 
the  complex  animal,  the  stimulus  a<:ts  through  the 
agency  of  a  nervous  system ;  in  the  embryonic  heart 
of  that  animal,  or  in  the  permanent  heart  of  simpler 
animals,  we  do  not  know  the  agency  by  which  the 
stimulus  is  conveyed,  nor  do  we  know  what  the 
stimulus  ia 

Before  quitting  this  beating  heart,  we  may  remark, 
that  while  on  the  one  hand  tlie  pulsations  are  not  in 
themselves  evidence  of  life,  on  the  other  hand  their 
1  is  no  evidence  of  death,  but  only  one  among 
the  many  signs  of  death. 

When  death  follows  on  a  long  or  painfnl  illness, 
the  irritability  of  the  heart  vanishes  almost  with  the 


vaiiisliing  breath ;  but  if  the  decease  be  sudden,  the 
heart  will  continue  beating  for  some  time  afterwarda 
Harless  observed  it  beating  in  the  body  of  a  decapi- 
tated murderer  one  hour  after  the  execution.  Marge 
found  the  right  auricle  beating  two  houra  and  a  half 
after  the  execution,  although  not  a  trace  of  irritability 
could  be  detected  in  the  other  parts  of  the  heart. 
Dietrich,  Gerlach,  and  Herz,  found  that  both  ventricles 
contracted,  if  one  were  irritated,  forty  minutes  after 
deatL*  Remak  observed  the  rhythmic  contractions 
in  the  hearts  of  birds  and  mammals  two  days  after 
death ;  and  Em.  Rousseau  mentions  that  a  woman's 
heart  had  these  rhythmic  movements  seven-and-twenty 
hours  after  she  had  been  guillotined. 

It  is  not  always,  indeed,  that  the  pulsations  cease 
even  when  the  death  has  been  gradnaL    Veaalina  had 
a   terrible   experience   of  it.     That  great   anatomist, 
who  had  nobly  braved   so  much  odium  because  he 
would  not,  as  his  predecessors  had  done,  content  him- 
self with  the  dissection  of  animals,  but  suffered  his 
scalpel  to  traverse  the  complexities  of  the  human  frame, 
one  day  opened  the  body  of  a  young  nobleman,  whose  | 
medical  attendant  he  had  been,  to  ascertain,  if  possible, 
the  cause  of  his  death.     Imagine  the  horror  which  ran 
through  all  present  at  the  sight  of  the   heart  still 
equably  beating !      Vesalius  was  accused  of  having  I 
dissected  a  hve  man ;  nor  was  the  accusation  uoreo-  | 
aonable  in  those  days.     Ee  had  to  appear  before  the  J 
Inquisition,  and  narrowly  he  escaped  with  his  lifa     A  I 

•DoNDEliS:    Phyiialoffie.i.  i&. 


his  punishment ;  bnt 
■eated  by  this  imfor- 


■,|)ilgriinage  to  the  Holy  Land  w 
he  never  outlived  the  scandal  ( 
timate  occurrence. 

6.  Action  of  the  Arteries. — Having  made  ourselves 
acquainted  with  the  action  of  the  heart,  let  us  now 
inquire  into  its  influence  on  the  circulation.  Every 
time  the  blood  is  pumped  into  the  arteries  a  pressure 
is  exerted,  the  force  of  which  is  estimated  at  thirteen 
pounds.  This  pressure,  being  on  a  column  of  Hquid,  it 
■will,  by  the  known  laws  of  hydrostatics,  not  only  drive 
jihat  liquid  onwards,  but  will  also  cause  a  great  lateral 
pressure,  and  thus  distend  the  arterial  tubes.  These 
.tubes  are  eminently  elastic,  owing  to  the  elastic  tissue 
of  their  outer  walls.  They  are  also  eminently  con- 
tractile, owing  to  the  muscular  tissue  of  their  inner 
vails.  The  elasticity  is  a  physical  property,  and  con- 
tinues after  death.  The  contractility  is  a  vital  pro- 
perty, and  vanishes  with  the  disappearance  of  the 
molecular  changes  of  Nutrition. 

Although  the  arteries  are  elastic  and  contractile 
throughout  their  whole  length,  they  are  so  in  varying 
degrees :  the  elasticity  decreases,  and  the  contractility 
increases,  as  the  vessels  become  sraaUer  in  calibra 
What  follows  ?  Why,  that  when  fresh  blood  is  impet- 
uously poured  into  them  from  the  heart,  it  dilates 
them ;  and  no  sooner  is  the  pressure  taken  off  by  the 
reopening  of  the  ventricles,  than  muscular  contrac- 
tion once  more  restores  the  arteries  to  their  former 
size,  and  in  so  doing  forces  the  column  of  blood  on- 


gammy  glutinous  HqnicL  And  juat  as  in  the  pores  of 
a  bladder,  or  in  those  of  any  pervious  mineral,  pure 
water  will  drive  out  gum  water,  and  occupy  the  pore, 
so  will  the  ascending  sap  expel  the  gummy  solution 
from  the  capillary  tubes  or  iutercellular  spaces  of  the 
leaf  As  fast  as  this  takes  place  the  active  liquid  be- 
comes inactive,  by  itself  changing  into  a  gummy  solu- 
tion, and  the  movement  is  perpetuated.  And  this 
ensues  not  only  in  the  leaf,  but  in  eveiy  part  of  the 
plant ;  the  liquid  to  be  changed  presses  upon  that 
which  has  changed,  and  forces  it  onwards." 

The  motion  of  the  blood  depends  on  the  same  prin- 
ciple. The  arterial  blood,  charged  with  osygen,  passes 
to  ail  parts  of  the  body  in  search  of  organic  jMirticles, 
for  which  it  has  affinity.  No  sooner  is  this  affinity 
satisfied,  than  the  blood  becomes  venous,  and  is  pressed 
onwards  by  the  eager  column  behind.  "In  my  view 
of  this  subject,  it  is  therefore  the  arterialisation  of  the 
blood  in  the  lungs  which  is  the  cause  of  the  circulation. 
I  consider  the  circulation  as  the  consequence  of  respi- 
ration ;  and  though,  in  one  sense,  the  minor  causes  are 
numerous,  each  portion  of  nervous  material,  each  mus- 
cular fibre,  eveiy  secreting  cell,  working  its  own  way — 
these  subordinate  actions  are  all  referable  to  one  pri- 
mordial act,  and  that  is,  the  exposure  of  the  blood  to 
the  air."  Professor  Draper  then  refers  to  the  fact  that 
whatever  interferes  with  respiration,  interferes  with 
circulation.  If  an  unbreathable  gas  is  thrown  into  the 
cells  of  the  Inngs,  the  passage  of  the  blood  is  instantly 
Bireeted,  and  suffocation  occurs.     If  the  access  of  air  be 
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prevented,  as  in  drowning,  in  vain  will  the  heart  throb 
oonvulsiTely — the  blood  is  not  driven  forward. 

l^ofessor  Draper's  hypothesis,  then,  is  briefly  this  : 
the  arterial  blood  has  an  affinity  for  the  tissues,  which 
causes  it  to  press  forwards  in  the  capillaries ;  and  no 
sooner  is  that  affinity  satisfied,  than  the  blood  becomes 
Tenous,  and  is  pressed  forward,  by  the  advancing  col- 
lunn.  In  the  lungs,  venous  blood  presses  forward  to 
satisfy  its  affinity  for  the  oxygen  which  ia  in  the  air. 
HaviDg  satisfied  this,  and  become  arterial,  it  is  pressed 
on  by  the  advancing  column. 

If  the  reader  will  station  himself  at  the  door  of  a 
theatre,  and  watch  the  column  of  eager  playgoers 
struggling  to  get  to  the  money-takers,  he  will  see  an 
image  of  the  forces  of  the  circulation.  Each  visitor  is 
anxious  to  put  down  his  half-crown  in  exchange  for  a 
ticket.  No  sooner  has  he  satisfied  that  "  affinity,"  than 
he  finds  himself  pressed  forward  by  the  man  behind 
him,  still  in  a  state  of  unsatisfied  affinity;  and  so  the 
rush  continues.  An  image  is  not  an  explanation,  but 
it  may  render  an  hypothesis  more  intelligible ;  and 
having  attempted  to  make  Professor  Draper's  hypothe- 
sis intelligible,  we  will  add,  by  way  of  criticism,  that 
it  has  one  serious  defect.  It  rests  on  the  notion  of 
chemical  affinity,  yet  chemical  affinity  acts  only  at 
insensible  distances,  and  here  the  distances  are  sensible. 
That  liquids  should  circulate  in  a  tube,  when  one  of 
them  has  a  greater  affinity  than  the  other  for  the  walls 
of  that  tube,  is  not  evidence  that  the  liquids  will 
circulate  in  a  tube  in  virtue  of  an  affinity  supposed  to  . 


exist  between  one  of  them  and  the  tissues  outside  the 
tube,  because  these  tissues,  being  at  sensible  distances, 
cannot  exert  their  affinity.  If  instead  of  "affinity" 
we  substitute  "leakage" — if  we  remember  that  the 
action  of  endosmose  is  necessarily  set  up  between  the 
blood  and  the  tissue-plasma,  the  hypothesis  may  be 
more  acceptabla 

Spallanzani,  in  his  celebrated  M^moires  sur  la 
Respiration,  relates  that,  when  snails  were  confined  in 
vessels,  and  had  absorbed  all  the  oxygen  from  the  con- 
tained air,  the  movtment  of  their  lungs  ceased,  and 
with  it  ceased  all  movement  of  the  heart — the  circular 
tion  was  arrested.  He  had  only  to  remove  the  top  of 
their  shells,  which  coidd  be  effected  without  injuiy,  and 
the  phenomenon  was  eaaOy  watched.  By  keeping  a 
snail  thus  confined,  at  a  temperature  gradually  dimin- 
ishing, the  gradual  diminution  of  the  respiration  and 
circulation  became  very  evident.  When  the  tempera- 
ture fell  to  zero,  the  heart  ceased  to  beat  altogether,  ajid 
the  blood  was  stagnant  in  the  veina  In  this  state  of 
suspended  animation  the  animal  was  kept  for  several 
hours  ;  but  on  raising  the  temperature,  the  lungs  be- 
gan once  more  to  inflate,  the  heart  to  beat,  the  blood 
to  circulate ;  and,  as  in  the  palace  of  the  Sleeping 
Beauty,  all  was  vivid  activity  where  a  minute  before 
all  was  the  image  of  death. 

"  The  hedge  broke  in,  Uie  bfmner  blew, 
The  butler  dmnk,  the  steward  Bcrawrd, 
The  Ere  shot  up,  the  martin  flew. 
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The  maid  QndpHge  ronow'd  thoir  strife, 
The  pi\lu:e  bong'd,  onA  biiaz'd,  and  cinukt. 
And  all  tbe  loDg-psut  stream  of  Ilfs 
Daah'd  downward  in  n  cataraot,"  * 

The  same  effect  of  torpor  was  produced  by  the  ab- 
e  of  oxygen  and  the  absence  of  heat.  Spallanzani 
placed  a  snail  in  a  vessel  containing  mephitic  gas.  In 
eleven  minutes  the  heart  was  still,  and  remained  so 
during  five  hours.  On  reintroducing  atmospheric  air 
tlie  lungs  once  more  began  to  move,  and  life  returned. 
To  prove  that  it  was  the  oxygen  of  the  air,  and 
nothing  else,  which  caused  this  reani  nation,  Sp^an- 
zani  repeated  the  experiment,  substituting  nitrogen  gas 
for  atmospheric  air,  as  the  replacer  of  the  mephitic  gaa; 
but  no  movement  Vfos  visible.  Thus  it  appeared  that 
the  animal  ceased  to  breathe  because  it  had  ceased  to 
absorb  oxygen.  It  ceased  to  absorb  oxygen  under  two 
conditions — ^when  there  was  none  present  in  the  air, 
and  when  the  temperature  was  too  low— the  absorp- 
tion of  oxygen  being  always  in  a  direct  ratio  to  the 
temperature ;  and  under  both  conditions  the  cessation 
of  the  absorption  of  oxygen  was  followed  by  the  arrest 
of  the  circulation. 

Viewing  the  Circulation  in  connection  with  Kespira^ 
tion,  we  see  many  arguments  favourable  to  Professor 
Draper's  hypothesis ;  but  that  tbere  are  some  difficul- 
ties not  easily  reconcilable  with  that  hypothesis,  cannot 
be  denied.  For  the  present,  however,  it  is  enough  to 
have  mooted  the  question,  and  to  have  touched  on 
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some  of  the  difficulties  in  the  way  of  our  accepting  the 
heart  as  the  sole  agent  in  propelling  the  blood.  "The 
relation  between  the  interspaces  of  the  eapillaxies,  and 
the  blood  thus  introduced  to  them,  continues  the  cur- 
rent. The  oxidising  arterial  blood  has  a  bigh  aifinity 
for  those  portions  that  have  become  wasted  :  it  efleota 
their  disintegration,  and  then  its  affinity  is  lost.  The 
various  tissues  require  repair ;  they  have  au  affinity 
for  one  or  other  of  the  constituents  of  the  blood  ;  they 
take  the  material  they  need,  and  their  affinity  is  satis- 
fied ;  or  secreting  cells  originate  a  drain  upon  the 
blood,  and  the  moment  they  have  removed  from  it  the 
substance  to  be  secreted,  they  have  no  longer  any  rela- 
tion with  it.  So  processes  of  osidation,  of  nutrition  and 
secretion,  all  conspire  to  draw  the  current  onwards 
from  the  arteries,  and  push  it  towards  the  veins."* 

We  have  now  brought  to  a  close  our  survey  of  the 
course  and  cause  of  the  Circulation,  and  assigned  to 
each  labourer  in  this  difficult  field  of  research  his  share 
in  the  work  As  an  episode  in  the  History  of  Science, 
the  discovery  of  the  cu-culation  will  always  command 
the  interest  of  readers ;  and  if  the  foregoing  sketch 
has  had  the  good  fortune  to  secure  the  attention  of  any 
medical  readers,  we  hope  it  may  have  the  further  efiect 
of  inducing  them  to  go  carefully  through  the  immortal 
works  of  William  Haevey-I 

•  Drapbb,  p.  US. 

t  HiBVEi's  works  hava  baen  ablj  ttanBlatod  by  Dr  R.  WlLUs,  nnJ 
publiahcd  in  onu  voiuniB  by  the  Sydenham  Society. 
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Several  times  in  the  course  of  our  exposition  we 
^  have  been  forced  to  allude  to  the  passage  of  the  blood 
through  the  lungs,  and  the  changes  there  impressed  on 
it.  Indeed,  without  such  changes  blood  could  serve  no 
purpose  in  the  organism.  Respiration  is  the  main- 
spring of  animal  existence.  In  the  next  chapter  we 
shall  attentively  examine  it 
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Twu  BQioides— Suffocation  of  seventy -two  persona  on  bonrd  the  "  Lon- 
dgndorry" — History  of  our  knowledge  of  res|iiratiOQ— The  air  we 
fareB.Lha — Distinction  between  respiration  aa  an  Animal  Function  and 
as  a  Property  of  Tissue — OiygsQ  tlio  life-gisor — Varnished  egga  will 
not  develop ;  tail  of  a  tadpole  developing  after  separation  from  tbe 
body — The  breathing-mechanism  in  various  animals— The  process  of 
breathing — "nght-lacing— Alteraliona  of  the  air  in  respiration— Ne- 
cessity of  vantilation — German  taverns — How  the  organiam  aeons- 
t«mB  it»lf  to  bad  Hir— EffeM  of  bs4  air  in  depressing  the  vital 
functions — Respiration  a  vital,  not  a  physical,  problem — Suffocation ; 

poison  :  its  effbota  on  the  blood — Deaths  by  suffooatjon  :  escape  of 
gas :  drowning— BaspiiatloD  not  a  process  of  oiidaUon — The  balance 
of  nature — Treea  not  beneficial  in  streets — Varieties  of  animal  respi- 
ration— Respiration  during  sleep — Effect  of  tflmperatnre  on  rospira- 
tioc— Why  da  we  braathB? 

A  FEW  years  ago  a  young  Frenohinaii,  named  D&l, 
finding  hia  hopes  of  making  a  igure  in  the  world  were 
daily  becoming  more  ciiimerical,  resolved  to  die  ;  and 
that  he  might  not  quit  the  world  without  producing 
some  "  sensation,"  he  left  this  written  account  of  his 
dying  momenta  : — "  I  have  thought  it  useful,  in  the 
interest  of  science,"  he  wrotOj  "  to  make  known  the 
effects  of  charcoal  upon  man,     I  place  a  lamp,  a  candle, 


and  a  watch  ou  my  table,  and  commence  the  ceremonji 
It  is  a  quarter  past  10  ;  I  have  just  lighted  the  stove;' 
the  charcoal  bums  feebly. 

"  Twenty  minutes  past  10:  the  pulse  is  calm,  and 
beats  at  its  usual  rate. 

"  Thirty  minutes  past  10 ;  a  thict  vapour  gradually 
fills  the  room ;  the  candle  is  nearly  extinguished ;  I 
begin  to  feel  a  violent  headache ;  my  eyes  fill  vrith 
tears ;  I  feel  a  general  sense  of  discomfort ;  the  pulse  ^ 
is  agitated. 

"  Forty  minutes  past  10  :  my  candle  has  gone  out ; 
the  lamp  still  bums ;  the  veins  at  my  temples  throb  as 
if  they  would  burst ;  I  feel  very  sleepy ;  I  suffer  hor-j 
ribly  in  the  stomach  ;  my  pulse  is  at  80°. 

"  Fifty  minutes  past  10 :  I  am  almost  stifled ;  strange 
ideas  assail  me.  .  .  I  eaji  scarcely  breatha  ,  ,  I  a 
not  go  far.  .  .  There  are  symptoms  of  madness.  . 

"Sixty  minutes  past  10:  I  can  scarcely  write.  .J 
My  sight  is  troubled-  .  .  My  lamp  is  going  out  .  .  3 
did  not  think  it  would  be  such  agony  to  dia  ,  . 
Here  followed  some  quite  illegible  characters.  Life  h 
ebbed.  On  the  foUowing  morning  he  was  found  oij 
the  floor,  a  corpse. 

A  few  hours  later,  slie  whom  he  loved,  and  wh« 
loves  him,  hears  of  this  rash  act,  which  annihilate 
even  hope.     In  her  despair  she  flings  herself  into  i 
dark  and  sullen  Seine.    The  nest  morning  a  corpse  ia  1 
exposed  at  the  dreadful  Morgua     The  casual  spectator.  J 
gazes  on  it  with  undefinable  awe,  as  Le  thinks  of  t 
stillness  of  that  wondrous  organism,  which  but  a  fi 
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hours  before  was  so  buoyant  with  life.  Where  is  all 
that  mystery  now?  The  body  is  there,  the  form  is 
there,  the  wondrous  structure  is  there,  but  where  is  its 
activity  ?  Gone  are  the  graceful  movements  of  those 
limbs,  and  the  tender  sweetness  of  those  eyes ;  gone 
the  rosy  glow  of  youtii ;  gone  the  music  of  the  voice, 
and  the  gaiety  of  the  heart.  The  mystery  of  Life  has 
given  place  to  the  mystery  of  JDeath, 

What  has  thus  suddenly  arrested  the  wondrous  me- 
chanism, and,  in  the  place  of  two  palpitating,  vigorous 
beings,  left  two  silent  corpses?  The  cause  seems  so 
tri6ing  that  we  can  only  marvel  at  its  importance, 
when  revealed  in  the  effect ;  it  was  the  same  in  both 
cases,  in  spito  of  the  difference  of  the  means :  that 
which  killed  the  one,  killed  the  other ;  the  fumes  from 
the  charcoal  pan,  and  the  i-ushing  waters  of  the  Seine, 
interrupted  the  exchange  of  a  small  quantity  of  gases, 
and  by  preventing  the  blood  from  getting  rid  of  its 
carbonic  acid,  in  exchange  for  an  equivalent  of  oxygen, 
the  fervid  wheels  of  life  were  suddenly  arrested. 

To  get  rid  of  its  carbonic  acid  for  an  equivalent  of 
oxygen — that  is  to  say,  to  make  a  slight  exchange  of 
gases — seems  a  very  trifling  process ;  and  only  the  im- 
pressive lessons  of  tragic  experience  can  persuade  men 
that  this  process  is  extremely  important.  Every  child 
knows  that  we  must  have  air  to  breathe ;  every  one 
knows  how  unpleasant  it  is  not  to  have  fresli  air  to 
breathe ;  but  the  mass  of  mankind  have  no  conception 
that  air  which  is  not  fresh,  is  as  bad  as  poison. 

A    very  painful  illustration   of  this  ignorance  is 


afforded  by  the  calamity  which  occurred  on  board  the 
"Londonderry,"  a  steamer  plying  between  Liverpoc 
and  Sligo.     On  Friday,  2d  December  1848,  she  left  fo^ 
Liverpool,  with   two   hundred  passengers   on  boai 
mostly  emigrants.     Stormy  weather  came  on,  and  tha 
captain  ordered  every  one  to  go  below.     The  cabin  foj 
the  steerage  passengers  was  only  18  feet  long,  11  fee 
wide,  and  7  feet  high.     Into  this  small  space  the  paa 
sengers  were  crowded  ;  they  would  only  have  suffere 
inconvenience,  if  the  hatches  had  been  left  open ;  bul 
the  captain  ordered  these  to  be  closed,  and — for  some 
reason  not  explained — he  ordered  a  tarpaulin   to  be 
thrown  over  the  entrance  to  the  cabin,  and  fastened 
down.     The  wretched  passengers  were  now  condenmed 
to  breathe  over  and  over  again  the  same  air.     Th»  | 
soon  became  intolerable.     Then  occurred  a  horribl 
scene  of  frenzy  and  violence,  amid  the  groans  of  t 
expiring  and  the  curses  of  the  more  robust :  this  i 
stopped  only  by  one  of  the  men  contriving  to  1 
his  way  on  deck,  and  to  alarm  the  mate,  who  ■ 
called  to  a  fearful  spectacle :  seventy-two  were  already^ 
dead,   and   many    were   dying;    their    bodies    were 
convulsed,  the  blood  starting  from  their  eyes,  nostrils, 
and  ears. 

The  cause  of  this  tragedy  was  owing  to  the  igno-  ■ 
ranee  of  the  captain  and  his  mate.  They  had  never  i 
learned  the  vital  importance  of  fresh  air.  They  had  J 
never  been  taught,  that  air  which  has  once  beenJ 
breathed,  cannot  be  breathed  over  again  withont  im 
jury;  never  been  taught  the  fact,  that  air  which  1 
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once  passed  to  aad  &o  in  the  lunga  ia  vitiated,  and  that 
vitiated  air  is  as  bad  as  poison. 

It  is  the  same  eauae,  acting  with  milder  force,  which 
makes  the  faces  pale  of  those  who  issue  from  a  crowded 
church,  and  gives  a  languor  to  those  who  have  sat  for 
some  hours  in  a  theatre,  concert- room,  or  any  other  ill- 
ventilated  apartment,  in  which  human  beings  have 
been  exhaling  carbonic  acid  from  their  lunga.  A 
breath  of  fresh  air  quickly  restores  them,  and  after 
breathing  this  fresh  air,  during  a  walk  home,  they 
scarcely  feel  any  evil  results  of  the  late  partial  suffoca- 
tion. Had  the  young  man's  door  been  bui'st  open,  and 
fresh  air  admitted  to  his  room,  or  had  the  girl  been 
rescued  from  the  river,  and  made  to  breathe  within  a 
few  minutes  after  her  plunge,  or  had  the  hatches  been 
broken  open  in  time,  all  these  victims  would  have  been 
finally  restored,  as  our  concert-goers  are  restored ;  and 
the  concert-^oors,  if  kept  much  longer  in  that  iil- 
ventilated  room,  would  have  perished,  as  the  others 


Among  the  earliest  experiences  of  mankind  must 
have  been  the  necessity  of  fresli  air  for  the  continuance 
of  life  ;  but  the  complete  explanation  of  the  fact,  in  all 
its  details,  is  a  scientific  problem,  the  solution  of  which 
only  began  to  be  possible  when  Priestley  discovered 
the  gases  of  which  the  air  is  composed,  and  the  rela- 
tion these  bear  to  the  organism ;  nor  is  the  problem 
even  now  entirely  solved,  in  spite  of  the  labours  of  so 
many  illustrions  men.  We  have  learned  much,  and 
learned  it  accurately;  but  the  dif&culties  which  still 
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baffle  us  arc  many  and  considerable.  The  ancients 
really  knew  nothing  of  thia  Bubject ;  nor  did  the  men 
of  the  sixteenth  and  seventeenth  centuries  lay  any  solid 
foundation-stone.  Thai  was  Md  by  Priestley,  when 
he  discovered  the  oxygen  contained  in  atmospheric  air 
to  possess  the  property  of  converting  venous  into  arte- 
rial blood.  Lavoisier  carried  out  this  discovery,  and 
founded  the  chemical  theory  of  Respiration.  Goodvyyn 
(1788)  applied  the  new  views  to  Asphyxia  (Suffoca- 
tion), showing,  by  a  series  of  experiments,  that  when 
air  was  excluded,  venous  blood  remained  unchanged ; 
and  when  it  remained  unchanged,  death  inevitably  fol- 
lowed. Eichat  concluded  from  a  number  of  striking 
experiments,  that  an  intimate  relation  existed  between 
Respiration,  Circulation,  and  Nervous  Action  ;  he 
showed  how  the  access  of  venous  blood  to  the  brain 
stopped  its  action,  and  subsequently  stopped  the  action 
of  the  heart.*  Legalloia  extended  these  observations 
to  the  spinal  chord.  But  by  far  the  most  brilliant  in- 
vestigations on  the  subject  of  Respiration  are  those  of 
Spallanzani,  whose  Mimoires  still  deserve  a  careful 
study,  both  as  models  of  scientific  research,  and  as 
storehouses  of  valnable  facts.  He  was  succeeded  by 
W.  F.  Edwards,  whose  Influence  des  A  gens  Physiques 
sur  la  Vie  (which  may  be  found  on  the  old  book-stalls 
for  a  couple  of  shillings)  still  remains  one  of  the  best 


*  Claude  Bomard  hoi 
oiu,  itlthongh  incapibte 
roent*  oonuquontty  must 
dt  fCh^animt,  i.  m-lS. 
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books  the  science  can  boast  of.  During  the  present 
century,  hundreds  of  physiologists  have  devoted  labour 
to  the  elucidation  of  the  various  difficulties  which 
darken  this  subject,  and  a  vaat  accession  of  valuable 
facts  has  been  the  result.  The  chief  points  which 
have  been  cleared  up  we  may  now  endeavour  to 
exhibit.* 

1°.  The  Air  we  breathe. — In  Eeapiration  there  are 
two  objects  to  be  considered,  namely,  the  Air  which  is 
breathed,  and  the  Breathing-mechanism.  This  air, 
which  no  man  can  see,  is  nevertheless  a  very  material 
substance.  We  stuff  cushions  with  it ;  and  the  che- 
mists analyse  it  into  well-known  substances.  It  forms 
an  atmospheric  ocean  forty-five  miles  in  depth,  sui'- 
rounding  our  planet,  and  whirling  with  it,  as  it  whirls 
around  the  sun.  It  is  an  ocean  subject  to  incessant 
fluctuations,  or  tides,  as  we  may  call  them.  Like  the 
other  ocean  it  carries  a  variety  of  substances  in  its  rest^ 
less  currents,  but  preserves  a  constant  composition  of 
its  own,  not  affected  by  these  substances.  It  is  chiefly 
composed  of  two  gases — Oxygen,  which  forma  about 
one-fiftb,  and  Nitrogen,  which  forms  nearly  the  re- 
maining four-fifths ;  thM  is  to  say,  there  are  twenty- 

*  In  the  fbllcnring  ^orks  will  be  fbiind  most  of  the  &ots  cited  or 
alludod  to  in  our  eiposiljon :— SpaLLa^ZANI  :  MinoiTea  lur  la  Sapira- 
tion;  Edwards:  Del'Infisenetda  Agenipii/tigaaiiirta  Vii;  Claude 
BKaNABO  :  Lttaiu  lur  la  Bgtlt  da  Subitancti  toxigutt ;  Milkb 
EdwaIUjs;  LtfOM  tur  (a  Phgt.  tt  lA'nat.  Camp.;  LsaxAHS :  PAy- 
sivlor/itche  ChemU;  Itr SossRKiD'aaxMaia RapiralMiaiaVaoCyelepadia 
of  Atari.  a»d  Pkyw.  j  and  the  Treatiaes  on  Fhyaiology  of  Bebasd, 
MiiLLBR,  VAi^RTrH,  LosoET,  FuxKE,  and  Dbafeb,  already  dt«d. 
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one  parts  of  Oxygen  to  seventy-nine  parts  of  Nitrogen. 
But  besides  these,  there  la  always  a  fraction  of  car- 
bonic acid  gas  even  in  the  purest  atmospheric  air  :  at 
ordinary  elevations  there  are  about  two  parts  of 
carbonic  acid  in  5000  parts  of  air ;  so  that  we  may 
reckon  this  gas  as  forming  the  j-eVit  "f  the  atmosphere. 
There  are  also  traces  of  ammonia,  but  they  are  very 
slight. 

The  air  of  inhabited  rooms,  or  of  caves  and  dun- 
geons, although  constantly  tending  towards  the  stand- 
ard of  composition,  is,  of  course,  subject  to  great 
variations.  The  respiration  of  animals  and  plants,  and 
the  decay  of  organic  matters,  incessantly  alter  the  com- 
position of  the  air  in  these  places,  and  unless  these 
alterations  be  quickly  counteracted  by  free  access  of 
fresh  air,  the  result  is  an  atmosphere  injurious  or  un- 
breathable.  The  air  is  vitiated  by  its  proportion  of 
oxygen  being  lessened,  and  its  carbonic  acid  increased. 
It  may  be  vitiated  by  other  causes,  such  as  the  pre- 
sence of  injurious  gases  and  efBuvia,  but  the  chief 
cause  is  the  one  just  named. 

When  we  breathe,  and  bum  candles,  or  lamps,  in  a 
room,  the  breathing  and  the  burning  have  a  similar 
bad  effect  on  the  air,  robbing  it  of  oxygen,  and  loading 
it  with  carbonic  acid  ;  there  is  neither  breathing,  nor 
burning  of  candles,  without  these  effects.  When  Dal- 
ton  analysed  the  air  of  a  room  in  which,  during  two 
hours,  fifty  candles  had  been  burning,  and  five  hundred 
persons  breathing,  he  found  that  histead  of  the  propor- 
tion of  carbonic  acid  being  only  two  gallons  in  five 
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thousand  of  air  (which  would  have  been  the  propor- 
tion in  the  air  of  the  street),  it  was  not  less  than  one 
gallon  in  every  hundred  !  This  air  would  soon  have 
become  unbreathable.  Leblanc  analysed  the  atmos- 
phere of  three  hospitals  in  Paris,  and  found  that  it 
contained  five,  ten,  and  twelve  times  as  much  carbonic 
acid  as  the  air  of  the  streets. 

2°.  The  Breathing-mechanism. — Before  describing 
the  organs  by  which  we  breathe,  it  will  be  necessary 
first  to  define  what  is  meant  by  breathing.  It  will 
perhaps  strike  some  readers  as  an  idle  question,  to  ask 
What  is  Respiration  ?  And  yet  until  a  distinct  answer 
to  that  question  is  given,  there  can  be  no  philosophical 
comprehension  of  the  present  subject ;  and  as  the  pur- 
pose of  the.se  pages  is  to  furnish  philosophical  students 
with  material  for  reflection,  no  less  than  to  furnish 
explanations  of  vital  processes,  we  must  endeavour  to, 
answer  this  questioa 

Eedueed  to  its  simplest  terms.  Respiration  appears 
to  be  nothing  more  than  the  interchange  of  carbonic 
acid  and  oxygen,  which  takes  place  between  the  blood 
and  the  atmosphere.  Our  analysis  comes  down  to 
this ;  and  yet  we  shall  be  led  into  error  if  we  accept 
this  as  the  true  answer  to  our  question ;  for  this  is  the 
physical  fact  implied  in  the  process,  it  is  not  the  viUd 
function  itself.  This  physical  fact  is  not  only  mani- 
fested by  the  breathing  apparatus,  but  by  every  tissue 
in  the  body,  even  when  it  is  separated  from  the  body. 
Take  a  fragment  of  muscle,  rid  it  of  its  blood,  and 
leave  it  exposed  to  the  atmosphere ;  it  will  absorb  i 
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oxygen,  and  give  out  carbonic  acid.  But  no  one 
■would  say  tiiat  the  muscle  breatiied ;  because  breath- 
ing is  an  animal  function,  not  a  mere  interchange  of 
gases :  a  function  dependent  upon  this  interchange, 
but  dependent  also  on  the  organic  apparatus  which 
performs  it.  We  are  thus  led  to  distinguish  between 
Respiration  aa  the  Function  of  an  apparatus  of 
organs,  and  that  interchange  of  gases  which  is  merely 
a  Property  of  the  tissues. 

In  the  higher  animala  we  see  this  Function  per- 
formed by  two  different  organs — gills  and  lungs.  In 
both  organs  we  find  that  a  large  quantity  of  blood  is 
exposed  to  the  air  by  means  of  a  network  of  vessels 
spread  over  the  surface.  The  blood  arrives  there  black, 
and  passes  away  scarlet.  It  has  exchanged  some  of  ita 
carbonic  acid  for  some  of  the  oxygen  of  the  air ;  it  lias 
become  changed  from  venous  into  arterial  blood.  This 
oxygenation  of  the  blood  is  therefore  the  special  ofBce 
of  Respiration ;  and  although  all  animals  exhale  car- 
bonic acid  and  absorb  oxygen — although  every  tissue 
does  so — yet  we  must  rigorously  Km  it  the  idea  of  Hes- 
piration,  aa  an  animal  Function,  to  that  which  takes 
place  in  the  gills  or  lungs.  True  it  is,  that  the  simpler 
auimals  effect  such  exhalation  and  absorption  by  tb^ 
general  surface,  and  not  by  any  special  viadijication 
of  it — such  as  gills  or  lungs  ;  true  it  is,  that  even  fish 
and  reptiles,  furnished  with  gills,  also  respire  by  Ihdr 
skin ;  and  that,  when  the  lunga  of  a  frog  are  removed, 
the  necessary  oxygenation  of  the  blood  may  be  effected 
through  the  skin,  if  the  temperature  be  low ;  nay,  it  ia 


also  true,  tbat  even  man  himself,  in  a  slight  degree, 
respires  by  the  skin;  so  that  the  student  tracing  up- 
wards the  gradual  complication  of  the  organic  appa- 
ratus, and  finding,  first,  the  whole  of  the  general  surface 
effecting  the  aeration  needed ;  secondly,  a  part  of  the 
surface  formed  into  a  gill,  in  which  aeration  is  far  more 
active ;  and,  finally,  finding  this  gill  replaced  by  a 
lung,  may  he  tempted  to  say,  "  If  the  aeration  of  the 
blood  is  the  office  of  Eespiration,  and  if  this  is  efiect«d 
in  some  animals  by  the  skin  alone,  in  others  by  the 
skin  and  the  gills,  and  in  others  principally  by  the 
lungs,  but  still  in  a  slight  degree  also  by  the  skin, 
how  can  you  pretend  to  establish  a  distinction,  other 
than  a  simple  distinction  of  degree ;  how  can  you 
expect  me  to  lay  much  stress  on  a  verbal  difference 
such  as  that  between  Function,  and  general  Property 
of  tissue?" 

In  reply  to  this  plausible  objection,  we  must  observe 
that  in  science  verbal  distinctions  are  often  extremely 
important ;  they  keep  attention  alive  to  real,  though 
subtle,  distinctions.  It  is  difficult  to  keep  to  such  dis- 
tinctions, for,  as  Bacon  says,  "  words  are  generaUy 
framed  and  applied  according  to  the  conception  of  the 
vulgar,  and  draw  lines  of  separation  according  to  such 
difierences  as  the  vulgar  can  follow ;  and  when  a  more 
acute  iatellect,  or  a  more  dOigent  observation,  tries  to 
introduce  a  better  distinction,  words  rebel"  In  strict 
physiological  language,  no  animal  without  blood  ought 
to  be  said  to  breathe;  for  Eespiration  in  such  animals 
ia  not  effected  by  a  Epecial  apparatus  of  breathing 
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organs ;  and  in  physiology  the  idea  of  Function  is  iV 
separably  connected  with  that  of  Organ,  as  the  Act  is 
with  its  A^nt.  Professor  B^rard  says  that,  penetrated 
with  the  idea  of  a  special  organ  being  necessary  for 
Respiration,  he  experienced  a  singular  diaapp ointment 
in  reading  the  experiments  of  Spallanzani,  whicli 
proved  that  every  tissue  of  the  body  absorbed  oxygen, 
and  gave  out  carbonic  acid ;  and  he  "  only  recovered 
his  contentment  on  perceiving  that  the  essence  of  E»- 
piration  consisted  in  this  interchange  of  gases,  so  that, 
wherever  a  nutritive  iiuid  was  in  contact  with  the  at- 
mosphere, Respiration  must  take  place."  Here  the 
professor  seems  to  us  to  have  made  an  oversight,  con- 
founding the  general  with  the  particular,  as  completely 
as  if  a  savage  visiting  England,  and  obsei-ving  the  trans- 
port of  men  and  goods  by  railways,  and  "  penetrated 
with  the  idea  of  a  special  method  of  transit  being 
necessary,"  were  afterwards  to  observe  that  vans,  carU, 
and  wheelbarrows  also  conveyed  goods,  from  whicli  he 
would  conclude  that  the  essence  of  transport  being  the 
removal  of  goods  from  one  place  to  another,  every 
means  of  transport  must  be  a  railway.  The  inter- 
change of  gases,  like  the  transport  of  goods,  may  be 
effected  by  various  means,  but  we  only  call  the  one 
Respiration,  when  it  is  effected  by  gills  or  lungs  ;  and 
the  other  EaUway  transit,  when  it  is  effected  by  Rail- 
waya  Professor  B^rard  was  right  in  conceiving  that 
a  special  organ  was  necessary  for  Respiration  ;  and  li 
error  arose  from  confounding  the  action  of  the  o 
with  the  result  of  that  action.    Respiration  e 


interchange  of  gases,  and  the  aeration  of  the  blood,  by 
means  of  a  peculiar  organic  apparatus,  without  which 
the  due  aeration  would  not  take  place  in  the  higher 
animals.  In  the  simpler  animala  this  apparatus  is 
not  needed,  because  the  nutritive  fluid,  being  easily 
accessible,  requii-es  no  apparatus  to  bring  it  into 
contact  with  the  air ;  but  no  sooner  does  the  organ- 
ism become  so  complex  that  a  direct  aeration  of  the 
nutritive  fluid  ceases  to  be  possible,  than  an  appara- 
tus is  constructed,  the  function  of  which  is  to  effect 
this  aeration.  In  the  gills  and  lungs  we  see  such  an 
apparatus. 

"Unless  distinctions  like  these  are  established,  Res- 
pii-atiou  ceases  altogether  to  be  a  vital  process ;  and 
every  interchange  of  carbonic  acid  and  oxygen,  no 
matter  where  effected,  will  have  an  equal  claim  to  be 
designated  as  a  respiratory  acL  Therefore,  as  it  is  of 
the  first  importance  in  all  physiological  inquiries  to 
keep  constantly  in  view  the  part  played  by  the  organism 
in  modifying  physical  laws,  the  philosophic  reader  will 
see  at  once  that  any  verbal  distinction  which  aids  us  in 
this  must  be  of  advantage. 

If  now  we  ask.  What  is  Kespiration?  the  answer 
will  be  this :  The  function  of  the  lungs  or  gills,  by 
means  of  which  the  blood  absorbs  owygen,  and  parts 
with  carbonic  acid  and  some  other  noxious  elements. 
Oxygen  is  the  great  inciter  of  Tital  changes ;  its  pre- 
sence is  the  indispensable  condition  of  life.  It  is  at 
ones  fuel  and  flame :  it  feeds,  and  it  destroys :  con- 
stantly withdrawn  from  the  blood  by  the  ceaseless 
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activities  of  vital  chajige,  it  is  as  constantly  drawn  i 
the  blood  by  the  process  of  Respiration.     If  the  i 
rushing  through  our  Inngs  does  not  meet  there  \ 
supply  of  oxygen,  the  torrent  caniea  to    the  1 
venous  in  beu  of  arterial  blood,  and  the  consequei 
an  arrest  of  all  the  vital  changes.     If  in  passing  thsj 
the  lungs  the  blood  only  meets  with  a  small  e 
oxygen,  an  imperfectly  arterialised  fluid  is  carr 
the  tissues,  and  a  partial  arrest  talces  plat 
seen  in  the  diminished  vigour  of  the  organism  : 
ftmctions  are  depressed ;  and  if  this  depression  con- 
tinue, death  arrives. 

That  oxygen  does  play  this  life-giving  part,  is  fami- 
liar to  all  readers  ;  but  I  will  here  cite  two  ilhistratioitf 
for  the  sake  of  their  intrinsic  interest.  The  chick 
inside  its  shell  develops  only  when  the  air  can  pene- 
trate the  pores  of  that  shell.  If  a  varnish  be  rubbed 
over  the  surface  of  the  shell,  development  is  arrested; 
and  although  it  appears  that  even  varnish  does  not 
utterly  prevent  the  penetration  of  gases,  yet  it  so  con- 
siderably diminishes  it  that  the  chick  cannot  develop. 
It  is  noticeable,  moreover,  that  the  precise  point  at 
which  the  development  ceases,  is  that  of  the  establish- 
ment of  the  first  circulating  system,  when  the  vascnUr 
area  begins  to  form.  If  one  of  these  varnished  eggt 
be  freed  from  its  varnish,  and  once  more  placed  under 
the  hen,  it  will  develop.*  Here  we  observe  the  ab' 
sence  of  oxygen  causing  a  complete  arrest  of  vital 

*  Seo  Dabkstk  :   Comples  Reiid«s  di  la  SacictS  dt   Biologxe,  1 
p.  101.120. 
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changes.     In  the  following  case  we  shall  see  the  re- 

verse,  namely,  vital  changes  going  on  under  free  access 

■of  osygen,  with  no  other  stimuliis  that  can  be  detected 

I  The  case  is  so  remarkable  that  I  have  thought   it 

Plight  to  verify  it  by  repeating  the  experiments  several 


SpaUanzani,  and  after  him  numerous  physiologists, 

I  found,  that  if  the  tai)  of  a  tadpole  were  cut  off,  it  grew 

I  again  rapidly,     M.  Vulpian  thought  of  inquiring  what 

1  became  of  the  tail  thus  cut  olFf  and  he  found  that  not 

only  did  it  live  many  days,  but  it  exhibited  activity 

and  development :  it  wriggled  when  touched,  or  when 

exposed  to  the  air,  and  it  developed  new  parts,  as  well 

as  new  forma*     I  cannot  say  that  I  was  fortunate 

enough  to  observe  all  the  curious  facts  recorded  by  M. 

I  Vulpian ;  but  respecting  the  main  fact,  namely,  that 
the  cells  daily  pass  from  their  rudimentary  state  into 
that  of  actual  muscle  fibres,  vessels,  and  pigment  cells 
— in  a  word,  that  a  regular  process  of  development 
takes  place — I  can  confirm  his  statement.  Tliese  taOa 
separated  from  the  organism  are  without  food,  and  the 
means  of  procuring  food ;  yet  the-free  access  of  oxygen 
is  sufficient  for  a  time  to  keep  up  the  process  of  vital 

I  change. 
To  absorb  oxygen  is  an  animal  necessity.    The  Blood, 
which  ia  the  great  agent  of  Nutrition,  must  constantly 
be  supplied  with  oxygen  from  the  air. 

It  matters  not  whether  the  animal  lives  in  air  or  in 
_  wat«r — the  real  respiratory  medium  is  always  the  air — 
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for  water,  deprived  of  its  air,  or  of  its  due  propordffl 
of  oxygen,  is  as  fata]  to  aquatic  as  to  terrestrial  aiiiinak 
It  matters  not  by  what  organ  or  surface  the  reapiratorj 
exchange  takes  place,  it  is  always  a  twofold  act  of 
exhalation  of  carbonic  acid  on  the  one  band,  and  of 
absorption  of  oxygen  on  the  other. 

The  variety  of  reapiratoiy  organs  la  great.  In  tlie 
Molluscs  we  find  some  kinds  having  no  "  organs"  at 
all ;  some  kinds  having  gills,  others  having  lunga,  and 
one  kind  [OncidiuTn)  having  both  gills  and  lungs.  1» 
the  Crustacea  we  find  rudimentary  gills.  In  spides 
there  are  both  giJla  and  lung3.  Fish  have  only  gilli 
Frogs,  toads,  tritons,  and  salamanders  begin  life  wilh 
gills,  which  disappear  and  give  place  to  lungs.  Eep- 
tilea,  birds,  and  mammals,  have  lungs  of  different  de- 
grees of  complexity. 

Animals  are  said  to  breathe  by  their  skin  when  the 
air,  either  in  the  water  or  as  atmospheric  air,  comes  in 
contact  with  the  moist  skin  in  which  the  blood  is  circu- 
lating. 


Gill-J 


in  a  similar 


way 


the 


water,  rushing  over  the  delicate  snrfiice,  parts  mill 
oxygen,  and  takes  up  carbonic  acid 

In  Lung-Respiration  the  air  is  no  longer  outside, 
biit  inside  the  organ :  it  is  drawn  in  from  the  atmos- 
phere ;  the  exchange  is  effected  in  the  organ,  ) 
the  altered  air  is  then  driven  out,  to  be  repla( 


To  understand  the  mechanism  of  Pulmonaiy  ] 
ration,  let  us  commence  with  aa  examination  I 
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Water  Newt  (Triton),  which  presents  us  with  the 
simplest  form  of  the  lung,  and  will  therefore  best 
enable  us  to  understand  the  more  complex  forms.  On 
opening  the  cheat  of  this  Newt,  recently  caught  from 
a  neighbouring  pondj  we  obserTe  two  elongated  air- 
sacs  of  thin  membrane  :  these  are  the  hmga. 

Let  us  remove  one  of  these  sacsj  and  place  it  under 
the  microscope.  This  is  what  we  see  :  rig.  is. 
A  delicate  membrane,  down  one  side  of 
which  we  observe  the  pulmonary  artery 
a,  and  running  up  the  other  side,  the 
pulmonary  vein  6;  between  these  trunks, 
we  observe  smaller  branches  and  innu- 
merable capillaries,  the  meshes  of  which 
are  indicated  by  the  white  spots. 

After  the  air  has  entered  the  windpipe 
it  passes  into  this  sac,  and  there  comes  in 
contact  with  the  delicate  blood-vessels, 
through  the  walls  of  which  the  oxygen 
passes  freely  into  the  blood,  and  the  car- 
bonic acid  passes  out  of  the  blood.  How 
wiU  the  air,  which  ig  now  in  the  sac,  and 
which  is  vitiated  by  the  presence  of  car- 
bonic acid,  and  the  loss  of  oxygen,  be  got  isiur  wagnetj. 
rid  of,  to  make  way  for  fresh  air  ?  Simply  by  a  contrac- 
tion of  the  animal's  abdominal  muscles.  If  you  watch 
a  live  Triton  in  a  glass-jar  of  water,  you  will  see  this 
contraction,  and  the  bubble  of  gas,  which  is  expelled. 

Let   us  now  take  a  live  Triton,  and  examine  its 
I  lungs  under  a  magnifying  power  of  150  diameters  j  we 


can  only  spe  a  very  small  bit  at  a  time,  bnt  thit 
bit  will  show  U5  the  circulation  m  the  capillary  n 
T^ork — a.  woiidroua  ipeetaele  indeed. 

Fig  19  The  limg  of  a  n 

IS  little  more  than; 
repetitiun  on  a  larg 
scale  of  this 
scheme  a  myriad  dt 
small  air  -  sacs  ais 
crowded  together  it 
the  cavity  of  bis 
chest  The  Trade*, 
or  windpipe,  divid» 
md  subdivides  into 
1  number  of  brtm- 
ihinl  tubes,  -widdi, 
when  mflaraed,  as  in 
violent  colds,  are  the 
seat  of  the  diseos 
80  familiar  to  all - 
hronchitis.  A  glanOft 
at  Fig.  20,  oo  t)H 
opposite  page,  copied  from  Dr  Dalton,  will  enable  tbft' 
reader  to  understand  the  relation  of  these  tubes  to 
the  lungs. 

The  tubes  are  seen  to  end  in  little  islets  of  lung- 
substance  :  these  are  the  "  pulmonary  lobules."  If  tfB 
now  apply  the  microscope,  each  lobule  ia  seen  to  bfr 
a  cluster  of  air-cells  (Fig,  21),  of  which,  it  is  calculatad 
that  the  human  lungs  contain  sis  hundred  ] 


This,  which  is  copied  from  Kolliker,  is  partly  a  real 
and  partly  a  diagrammatic  representation.    It  enables 


us  to  understand  how  the  air  passes  through  the  bron- 
chial tube  into  the  air-cells,  between  which,  and  out- 
side of  which,  run  the  capillaries.  These  vessels  are 
densely  crowded ;  as  may  be  seen  in  Kg.  22,  also 
from  Koiliker,  magnified  sixty  times. 

3°.  37ie  Process  of  Breathing. — Having  thus  ascer- 


tained  the  chief  points  respecting  the    air   breathed 

Pig^  21^  and  the  breathing   orgaa, 

we  must  now  glance  at  the 

process.   When  we  breatbe. 

k  we   draw    in    the    air   by 

nostrils,   which  pene- 

1  trates  the  trachea  or  winJ- 

pipe,   from  thence  pamng 

into  the   bronchial    tnbra 

and    tubelets,     and    from 

thence   into    the    air-cells-' 

Here  it  yields   part  of  il» 

oxygen  to  the    blood,  w-' 

ceiving    carbonic    acid  in 

Air-cells.  exchange.     It  Tvas  diaws 

I  by  a  dilatation   of  the  chest,  and  is   driven  ont 


r  again  by  a  contractioii  of  the  cheat.    Science  has  accn- 
I  rately  measured  the  amount  of  air  thua  inspired  and 
expired — ^namely,   about  20  or  25  cubic  inches  each 
But  we  never  empty  our  lungs  by  an  expi- 
ration; there  is   always   a  much  larger  quantity  of 
air  remaining  in  the  air-cella ;  thia  quantity  varying, 
of  course,  with  the  force  of  the  effort.     Herbst  found 
i.-that,  while  25  cubic  inches  waa  the  quantity  expelled 
fin  ordinary  quiet  breathing,  the  quantity  would  rise 
Pto  90,  and  even  2-10  cubic  inches,  by  very  energetic 
ts.    It  is  therefore  calculated  that  an  adult  man, 
I- with  a  weU-developed  chest,   vrill  retain  about   170 
I  cubic  inches  of  air  in  his  iunga,  after  each  espiratioo, 
I  during  ordinary  breathing ;  and  as  25  inches  will  he 
added  at  the  next  inspiration,  there  will  be  alternately 
175  and  200  cubic  inches  of  air  acting  on  the  blood 
which  rushes  over  the  vast  area  of  the  lungs.     The 
phrase  "vast  area"  is  no  exaggeration  ;  for  small  as 
the  bulk  of  those  organs  truly  is,  the  amount  of  surface 
on  which  blood  is  exposed  to  the  air  in  them,  has  been 
eakuhited  by  Lindenau  at  not  less  than  2642  square 
feet.     Is  it  not  wonderful  to  reflect  that,  in  the  course 
of  a  single  year,  100,000  cubic  feet  of  air  have  been 
drawn  in  and  expelled,  by  something  like  9,000,000  of 
separate  and  complicated  actions  of  breathing,  to  aerate 
[  more  than  3500  tons  of  blood  ? 

4".  Tight-lacing.— The  injurious  effect  of  tight-lacing 
I  has  often  been  pointed  out,  and  in  England,  at  least, 
[  women  have  pretty  generally  learned  to  see  the  dan- 
|,ger,  if  not  always  the  hideousness,  of  those  wasp-waists 
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once  80  highly  prized.     A  single  fact  elicited  in  t 
experiments  of  Herbst  will  probably  have  more  weigl 
than   pages    of  eloquent    exhortation.       It    is    thigij 
the  Bame  man  who,  when  naked,  was   capable  of  in-l 
spiring  190  cubic  inches  at  a  breath,  could  only  in-  % 
spire   130  when  dressed :   now,   if  we   compare  tin  ! 
tightness  of  women's  stays  with  the   tightness  oft  J 
man's  dress,  we  shall  easily  form  a  conception  of  ti 
serious  obstacle  to  efficient  breathing  which  stays  mmj 
present;  and  the  injurious  effect  of  tiiis   insuffidea 
breathing  consists,  as  we  shall  see  hereafter,  in  its  ii 
dacing  a  depression  of  all  the  vital  functions. 

b°.  Alteration  of  the  Air  in  Respiration. — ^LaB 
spiration  we  draw  iu  and  ^ve  out  a  similar  quantiiyu 
air ;  but  this  air  is  by  no  means  of  sirnilar  qual^ 
It  has  been  altered— vitiated.     The  ancients  had  n 
other  notion  of  Eespiration  than  that  it  served  to  ( 
the  blood,  as  the  air  cools  the  heated  brow.     ThisJ| 
not  its  office.     It  serves  to  supply  the  indispensati 
conditions  of  vital  changes,  by  removing  carbonic  a 
from  the  blood,  and  supplying  its  place  with  oxyge 
The  air  which  is  expired  differs  from  that  which  v 
inspired ;  it  has  lost  much  of  its  oxygen,  and  ] 
gained  from  3  to  6  per  cent  of  carbonic  acid,  a  1 
amount  of  vapour,  traces  of  ammonia,  hydrogen,  a 
volatile  organic  substances.    The  latter  being  veiy  p 
trefiable,  gives  a  fetid  taint  to  the  moisture  condensed 
from  the  air  on  the  window-panes,  and  to  the  moistuK 
which  soaks  into  all  porous  substances  in  the  room. 
It  was  pure  breathable  air  when  it  entered,  and  is  now 
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80  vitiated  that  after  a  few  repetitions  of  the  process 
it  becomes  unbteathable.  It  ia  made  unbreathable  by 
the  carbonic  acid. 

It  is  not  difficult  to  demonstrate  the  production  of 
carbonic  acid  in  Kespiration.  Fig.  23  ia  an  apparatus 
which  beautifully  demonstrates  it. 


A  bird  is  placed  in  the  bell-glass  A,  which  la  re- 
versed over  mercury.  A  vessel  of  water,  b,  serves  to 
establish  a  current  of  air  as  the  water  flows  out, 
and  this  current  of  air  entering  by  the  tubes  1  2, 
which  contain  pumice-stone  moistened  with  a  solution 
of  potass,  abandons  there  its  carbonic  acid ;  and  the 
proof  that  it  does  so,  is  seen  in  the  fact  that  it  passes 
through  Liebig's  apparatus  C  (in  which  there  is  lime 
water)  witkovt  producing  that  Tnilky  appearance  which 
would  result  if  any  carbonic  acid  were  present,  because 


this  carbonic  acid  would  nnite  with  tlie  lime,  and  foil 
the  carbonate  of  lime,  or  chalk.  From  c,  therefore,  tin 
air  enters  the  bell-glass  entirely  without  carbonic  aeii 
It  is  here  breathed  by  the  bird.  The  air  which  t 
bird  expires  passes  from  the  bell-glass  into  the  appai*, 
tus  D,  and  there  it  meets  with  lime-water,  which  H 
renders  milky  by  precipitating  chalk  ;  and  thus  provM 
that  carbonicacid  has  been  given  out  by  the  bird. 

If  any  one  thinks  that  the  carbonic  acid  may  ha? 
had  some  other  origin,  he  can  convince  himself  b; 
simply  breathing  through  a  glass-tube  into  a  glass  i 
lime-water ;  its  instantaneous  miDdness  will  asa 
him  that  there  was  carbonic  acid  in  his  breath.  1 
quantity  of  this  gas  which  is  momently  thrown  r 
the  atmosphere  by  each  individual,  varies  according  t 
sex,  age,  physical  and  mental  condition,  and  accordiit 
to  the  season  of  the  year,  aud  time  of  day.  We  ai 
constantly  exhaling  carbonic  acid,  but  not  in  constaa 
quantities.  Men  exhale  much  more  than  women 
during  the  ages  of  from  16  to  40  the  quantity  exhale 
by  men  nearly  doubles  that  exhaled  by  women  of  tl 
same  ages.  In  men  it  is  observed  that  the  amota 
gradually  increases  from  the  age  of  8  to  that  of  3 
making  a  sudden  start  at  the  period  of  puberty, 
the  age  of  30  it  decreases  gradually,  till  at  extreme  d 
age  the  amount  is  no  greater  than  it  was  at  10. 
women,  a  noticeable  phenomenon  is  observed ;  I 
amount  increases  from  infancy  to  puberty,  just  as  \ 
men ;  but  at  that  epoch  the  increase  suddenly  c 
and  remains  stationary  till  the  change  of  Ufe,  wheatl 
amount  increases.    Besides  such  variations  depend) 


on  age  and  sex,  there  are  others  dependent  on  the 
muscular  activity  and  physical  condition  of  the  indi- 
vidual. The  amount  of  carbonic  acid  exhaled  during 
digestion  is  greater  than  that  exhaled  during  fast,  and 
greater  in  sunlight  than  in  darkness.  Wines,  spirits, 
t«a,  coffee,  and  narcotics  lessen  the  amount ;  not, 
however,  because  they  interfere  with  the  process  of 

L  Eespiration,  but  because  they  cause  less  carbonic  acid 

I  to  be  produced  by  the  organism. 

The  exchange  of  these  gases,  considered  simply  as 

a  exchange,  is  a  physical  fact  resting  on  well-known 

il  laws.     Tliere  have  been,  and  there  still  are, 

idisputes  as  to  whether  the  gases  are  free  in  the  blood, 

iS  in  water,  or  are  in  a  state  of  slight  chemical  com- 

Ptination  ;  but  the  facility  with  ■which  tlie  exchange  is 
e  seems  to  be  as  great  as  if  they  were  free.  If 
blood  be  shaken  in  a  vessel  containing  air,  it  will 
absorb  from  that  air  more  than  a  tenth  of  its  volume 
of  oxygen.  It  is  then  saturated;  and  if  now  poured 
into  a  vessel  containing  carbonic  acid,  and  there 
shaken,  it  will  abandon  almost  all  its  oxygen,  and 
absorb  carbonic  acid.  This  is  a  simple  illustration  of 
the  interchange  eSected  in  the  lungs  and  in  the  tissues ; 
for,  as  previously  indicated,  the  delicate  walls  of  the 
blood-vessels  oppose  no  obstacle  to  this  interchnnge. 
It  is  only  necessary  that  the  blood  should  be  brought 
in  contact  with  an  atmosphere,  or  a  fluid,  of  a  compo- 
sition specifically  different  from  its  own.  K  we  substi- 
tute hydrogen  for  oxygen,  the  animal  confined  in  a 
vessel  containing  this  gas  will  be  found  to  exhale  car- 
bonic acid  with  the  same  facility  as  when  atmospheric 


tirmers,  public  attention  was  aroused.  That  thou- 
Ab  have  been  tlie  victims  of  publip  ignorance  on  this 
^rtant  matter,  may  be  shown  by  a  single  example. 
i  deaths  of  new-born  infanta  between  the  ages  of  1 
1 15  days,  which  in  the  Dublin  Lying-in  Hospital 
iKinted  in  the  course  of  four  years  to  2944  out  of 
fO  births,  were  suddenly  reduced  to  only  279  deaths 
Sng  the  same  period,  after  a  new  system  of  ventila- 
l  had  been  adopted.  Thus  more  than  2500  deaths, 
t  in  every  3  births,  must  be  attributed  to  the  bad 
.tilation. 

ji  England  the  public  is  daily  "becoming  more  en- 
^tened  on  the  subject  of  ventilation,  although  a  dan- 
irous  indifference,  springing  from  want  of  elementary 
lowledge,  is  still  prevalent,  and  taxes  the  patience  of  re- 
rmers ;  but  in  the  country  where  these  lines  are  writ- 
n,  it  is  painful  to  observe  that  even  highly  cultivated 
en  seem  almost  insensible  to  the  importance  of  fresh 
K  The  Germans  sit  for  hoars  in  low  crowded  rooms, 
mense  with  tobacco-smoke  that  on  entering  you  cannot 
cognise  your  friends ;  and  so  vitiated  is  the  atmosphere 
f  the  compound  of  breath,  bad  tobacco,  exhalations  of 
'ganic  putrefiable  matters,  and  an  iron  stove,  that  at 
rst  it  seems  impossible  for  you  to  breathe  in  it.  Even 
[their  private  rooms  they  breathe  a  hot,  musty,  dr^  air, 
hich  makes  an  Englishman  gasp  for  an  open  window, 
is  true  that  after  a  while  you  get  accustomed  to  the 
You  also  get  accustomed  to  that  of  the  smoke- 
tavern.  On  entering,  you  felt  it  would  be  im- 
Lble  to  stay  in  it  ten  minutes  ;  but  in  less  than 
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air  ia  breathed.  No  nnbnal  can  continHe  ll 
breatte  hydrogen,  amply  because  that  gafi  i 
furnish  the  conditions  of  vitality  ;  but  while  then 
breathes  in  hydrogen,  the  exhalation  of  caiboiueM 
is  as  perfect  as  at  any  other  time  ;  thus  shovisgAl 
the  exhalation  depends  on  the  difference  in  the  n 
of  the  gases  in  the  atmosphere,  and  in  the  blood. 

6°.  Necessity  of  Ventilation. — When  we  bie 
and  over  again  the  same  air,  we  gradually  vitiate  W 
the  constant  exhalation  of  cai'bonic  acid,  which  a 
ally  brings  the  air  up  to  the  point  where  the  c 
between  it  and  the  blood — as  regards  the  propo 
of  carbonic  acid — disappears.     The  blood  ceases  W 
arterialised,  and  the  vital  functiona  are  arrestei  W 
vain  does  the  air  still  contain  a  quantity  of  Iife-giTii(B 
oxygen  ;  the  blood  cannot  take  it  up,  because  it  ci 
get  rid  of  the  carbonic  acid,  and  it  cannot  get  rid  d 
carbonic  acid  because  the  conditions  of  the  e 
are  absent.     To  place  an  animal  in  air  overch 
with  carbonic  acid,  is  equivalent  to  a  gradual  prerewl 
tion  of  his  breathing  at  all.     Suffocation  result*  fi 
vitiation  of  the  air  in  precisely  the  same  i 
from  interception  of  the  air.     Although  burking  ai 
gagging  are  crimes  which  appal  the  public,  that  p 
seems   almost  indifferent  to  the  milder   form  of  ti 
same  murder  when  it  ia  called  "  want  of  ventilation.' J 
In  spite  of  the  historical  infamy  of  the  Black  Hole  dl 
Calcutta,  our  prisons,  hospitals,  theatres,  churches,  a 
other  public  buildings,  were  left  disgracefully  neglected,! 
until,  thanks  to  the  energetic  labours  of  oiu-  sanitairl 


Iformers,  public  attention  was  aroused.  That  thou- 
3  have  been  the  victims  of  pul)Iip  ignorance  on  this 
rportant  matter,  may  be  shown  by  a  single  example. 
e  deaths  of  new-bom  infanta  between  the  ages  of  1 
i«nd  15  days,  which  in  the  Dublin  Lying-in  Hospital 
■amounted  in  the  course  of  four  years  to  29ii  out  of 
7650  births,  were  suddenly  reduced  to  only  279  deaths 
during  the  same  period,  after  a  new  system  of  ventila- 
tion had  been  adopted.  Thus  more  than  2500  deaths, 
PI  in  every  3  births,  must  be  attributed  to  the  bad 
atilation. 
In  England  the  public  is  daily  becoming  more  en- 
ligbtened  on  the  subject  of  ventilation,  although  a  dan- 
gerous indifference,  springing  from  want  of  elementajy 
knowledge,  is  still  prevalent,  and  taxes  the  patience  of  re- 
formers ;  but  in  the  country  where  these  lines  are  writ- 
ten, it  is  painful  to  observe  that  even  highly  cultivated 
men  seem  almost  insensible  to  the  importance  of  fresh 
air.  The  Germans  sit  for  hours  in  low  crowded  rooms, 
so  dense  with  tobacco-smoke  that  an  entering  you  cannot 
recognise  your  friends ;  and  so  vitia,ted  is  the  atmosphere 
by  the  compound  of  breath,  bad  tobacco,  exhalations  of 
organic  putrefiable  matters,  and  an  iron  stove,  that  at 
first  it  seems  impossible  for  you  to  breathe  in  it.  Even 
in  their  private  rooms  they  breathe  a  hot,musty,drj/  air, 
which  makes  an  Englishman  gasp  for  an  open  window. 
It  is  true  that  after  a  while  you  get  accustomed  to  the 
ah:.  You  also  get  accustomed  to  that  of  the  smoke- 
fiUed  tavern.  On  entering,  you  felt  it  would  be  im- 
i  to  stay  in  it  ten  minutes ;  but  in  less  than 
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air  is   breathed.     No   animal    can    contiaue  1(^ 
breathe  hydrogen,  Bimply  because  that  gas  dott 
furnish  the  conditions  of  vitality  ;  but  while  thea 
breathes  in  hydrogen,  the  exhalation  of  carbomt: 
is  as  perfect  as  at  any  other  time  ;  thus  showing' 
the  exhalation  depends  on  the  difference  in  the  a 
of  the  gases  in  the  atmosphere,  and  in  the  blood. 
6°.  Necessity  of  Ventilation. — When  we  breatht! 
and  oyer  again  the  same  aii',  we  gradually  vitiate  I 
the  constant  exhalation  of  carbonic  acid,  which 
ally  brings  the  air  up  to  the  point  where  the 
between  it  and  the  blood — as  regards  the  propul 
of  carbonic  acid — disappears.     The  blood  ceases! 
arteriaiised,  and  the  vital  functions    are  arrested. 
vain  does  the  air  still  contain  a  quantity  of  life 
oxygen ;  the  blood  cannot  talce  it  up,  because  it  ci 
get  rid  of  the  carbonic  acid,  and  it  cannot  get  rid 
carbonic  acid  because  the  conditions   of  the  eicb 
are  absent.     To  place  an  animal  iu  air  overclui 
with  carbonic  acid,  is  equivalent  to  a  gradual  pW 
tion  of  his  breathing  at  all.     Suffocation  results 
vitiation  of  the  air  in  precisely  the  same  mann 
from  interception  of  the  air.     Although  bnrldnga 
ga^ng  are  crimes  which  appal  the  public,  that  puB 
seems   almost  indifferent  to  the  milder   form  of  ^ 
same  murder  when  it  is  called  "  want  of  ventiladm' 
In  spite  of  the  historical  infamy  of  the  Black  Hd6 1 
Calcutta,  our  prisons,  hospitals,  theatres,  churches,  id 
other  public  buildings,  were  left  disgracefully  neelwtt' 
until,  thanks  to  the  energetic  labours  of  our 
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tenTuera,  public  attention  was  aroused.  That  thon- 
8  have  been  the  victims  of  publip  ignorance  on  this 
iportant  matter,  may  be  shown  by  a  single  example, 
e  deaths  of  new-bom  infants  between  the  ages  of  1 
lis  days,  which  in  the  Dublin  Lying-in  Hospital 
bounted  in  the  course  of  four  years  to  2944  out  of 
160  births,  were  suddenly  reduced  to  only  279  deaths 
ing  the  same  period,  after  a  new  system  of  ventila- 
1  had  been  adopted.  Thus  more  than  2500  deaths, 
ft'l  in  every  3  births,  must  be  attributed  to  the  bad 
^tilation. 

a  England  the  public  is  daily  becoming  more  en- 
dghtened  on  the  subject  of  ventilation,  although  a  dan- 
gerous indifference,  springing  from  want  of  elementary 
knowledge,  is  still  prevalent,  and  taxes  the  patience  of  re- 
formers ;  but  in  the  country  where  these  lines  are  writ- 
ten, it  is  painful  to  observe  that  even  highly  cultivated 
men  seem  almost  insensible  to  the  importance  of  fresh 
air.  The  Germans  sit  for  hours  in  low  crowded  rooms, 
BO  dense  with  tobacco-smoke  that  on  entering  you  cannot 
recognise  your  friends ;  and  so  vitiated  is  the  atmosphere 
by  the  eompoimd  of  breath,  bad  tobacco,  exhalations  of 
organic  putrefiable  matters,  and  an  iron  stove,  that  at 
first  it  seems  impossible  for  you  to  breathe  in  it.  Even 
in  their  private  rooms  they  breathe  a  hot,mu5ty,(Zryair, 
which  makes  an  Englishman  gasp  for  an  open  window. 
It  is  true  that  after  a  while  you  get  accustomed  to  the 
air.  You  also  get  accustomed  to  that  of  the  smoke- 
filled  tavern.  On  entering,  you  felt  it  would  be  im- 
possible to  stay  in  it  ten  minutes ;  but  in  less  than 
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air  is  breathed  No  auimal  can  continue  loiij 
breathe  hydrogen,  simply  because  that  gaa  doa 
furnish  the  conditions  of  vitality  ;  but  while  tiiei» 
breathes  in  hydrogen,  the  exhalation  of  carboM 
is  as  perfect  as  at  any  other  time  ;  thus  showing 
the  exhalation  depends  on  the  difference  in  the  ni 
of  the  gases  in.  the  atmosphere,  and  in  the  blooi 
6°.  Necessity  of  Ventilation. — When  we  brea^ 
and  over  again  the  same  air,  we  gradually  ^tiatei 
the  constant  exhalation  of  carbonic  acid,  which  gi 
ally  brings  the  air  up  to  the  point  where  the  difiii 
between  it  and  the  blood — as  regards  the  propot 
of  carbonic  acid — disappears.  The  blood  cease 
arteriahsed,  and  the  vital  functions  are  arrested 
vain  does  the  air  still  contain  a  quantity  of  lift^ 
oxygen  ;  the  blood  cannot  take  it  up,  because  it  o 
get  rid  of  the  carbonic  acidj  and  it  cannot  get  rid 
carbonic  acid  because  the  conditions  of  the  excl 
are  absent.  To  place  an  animal  in  air  overcb 
with  carbonic  acid,  is  equivalent  to  a  gi-adual  pr 
tion  of  his  breathing  at  all.  Suffocation  results 
vitiation  of  the  air  in  precisely  the  same  luann 
from  interception  of  the  air.  Although  burkinj 
gagging  are  crimes  which  appal  the  public,  that  ( 
seems  almost  indifferent  to  the  milder  form  o 
same  murder  when  it  is  called  "  want  of  ventila 
In  spite  of  the  historical  infamy  of  the  Black  Ht 
CiUcutta,  our  prisons,  hospitals,  theatres,  churchei 
other  pubhc  buildings,  were  left  disgracefully  negli 
until,  thanks  to  the  energetic  laboors  of  our  sai 
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Hformers,  public  attention  was  aroused.  That  thou- 
ftids  have  been  the  vietima  of  public  ignorance  on  this 
plportaEt  matter,  may  be  shown  by  a  single  example. 
e  deaths  of  new-bom  infanta  between  the  ages  of  1 
1 15  days,  which  in  the  Dublin  Lying-in  Hospital 
I  in  the  course  of  four  years  to  2944  out  of 
160  births,  were  suddenly  reduced  to  only  279  deaths 
ing  the  same  period,  after  a  new  system  of  ventila- 
a  had  been  adopted.  Thus  more  than  2500  deaths, 
ll  in  every  3  births,  must  be  attributed  to  the  bad 
l&tilation. 
a  England  the  public  ia  daily  becoming  more  en- 
Jightencd  on  the  subject  of  ventUation,  although  a  dan- 
gerous indifference,  springing  from  want  of  elementary 
■knowledge,  is  still  prevalent,  and  taxes  the  patience  of  re- 
formers ;  but  in  the  country  where  these  lines  are  writ- 
iten,  it  is  painful  to  observe  that  even  highly  cultivated 
I  men  seem  almost  insensible  to  the  importance  of  fresh 
air.  The  Germans  sit  for  hours  in  low  crowded  rooms, 
80  densewith  tobacco-smoke  that  on  entering  you  cannot 
recognise  your  friends ;  and  so  vitiated  is  the  atmosphere 
by  tbe  compound  of  breath,  bad  tobacco,  exhalations  of 
organic  putrefiable  matters,  and  an  iron  stove,  that  at 
first  it  seems  impossible  for  you  to  breathe  in  it.  Even 
in  their  private  rooms  they  breaths  a  hot,  musty,  dry  air, 
which  makes  an  Englishman  gasp  for  an  open  window. 
It  is  true  that  after  a  while  you  get  accustomed  to  the 
air.  You  also  get  accustomed  to  that  of  the  smoke- 
fiUed  tavern.  On  entering,  you  felt  it  would  be  im- 
possible to  stay  in  it  ten  minutes ;  but  in  lees  than 
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air  is  breathed     No   animal    can    continue  IskI 
breathe  liydrogen,  simply  because  that  gas  doEsl 
furnish  the  conditions  of  vitality  ;   but  while  tkia 
breathes  in  hydrogen,  the  exbaJation  of  earbonk  J 
is  as  perfect  as  at  any  other  time  ;  thus  shoTO|J 
the  exhalation  depends  on  the  difference  in  the » 
of  the  gases  in  the  atmosphere,  ajid  in  the  blooi  I 
6°.  Necessity  of  Ventilation. — ^When  we  breiftlH 
and  over  again  the  same  air,  we  graduallyTi 
the  constant  exhalation  of  carbonic  acid,  wUdili 
ally  brings  the  air  up  to  the  point  whore  the  d 
between  it  and  the  blood— as  regaj-dg  the  pro] 
of  carbonic  acid — disappears.     The  blood  ( 
arteriahsed,  and  the  vital  functions   are  arres^fl 
vain  does  the  air  still  contain  a  quantity  of  li&j 
oxygen  ;  the  blood  cannot  tate  it  up,  because  it  M 
get  rid  of  the  carbonic  acid,  and  it  cannot  getridid 
carbonic  acid  because  the  conditions  of  the  e 
are  absent.     To  place  an  animal   in  air  over 
with  carbonic  acid,  is  equivalent  to  a  gradual  p 
tion  of  his  breathing  at  all.     Suffocation  resnlU  b 
vitiation  of  the  air  in  precisely  the  same  i 
from  interception  of  the  air.     Although  burldiig^ 
gagging  are  crimes  which  appal  the  public  that  pi 
seems   almost  indifferent  to  the  milder   form  d^i 
same  murder  when  it  is  called  "  want  of  ventiliW 
In  spite  of  the  historical  infamy  of  the  Black  HtJe  fl 
Calcutta,  our  prisons,  hospitals,  theatres,  chnrche%  ii 
other  public  buildings,  -were  left  disgracefully  ueglKml 
until,  thanks  to  the  energetic  labours  of  our  sAoitK  I 


mers,  public  attention  was  aroused.  That  thou- 
s  have  been  the  victiniB  of  publi^  ignorance  on  this 
■portant  matter,  may  be  shown  hy  a  single  example. 
t.e  deaths  of  new-born  infanta  between  the  ages  of  1 
d  15  days,  which  in  the  Dublin  Lying-in  Hospital 
aonnted  in  the  course  of  four  years  to  2944  out  of 
J50  births,  were  suddenly  reduced  to  only  279  deaths 
■ttiug  the  same  period,  after  a  new  system  of  ventila- 
■m  had  been  adopted.  Thus  more  than  2500  deaths, 
'  1  in  every  3  births,  must  be  attributed  to  the  bad 
mtilation. 

In  England  the  public  is  daily  becoming  more  en- 
rhtened  on  the  subject  of  ventilation,  although  a  dan- 
irous  indifference,  springing  from  want  of  elementary 
lowledge,  is  still  prevalent,  and  taxes  the  patience  of  re- 
rmers  ;  but  in  the  country  where  these  lines  are  writ- 
Q,  it  is  painful  to  observe  that  even  highly  cultivated 
ED  seem  almost  insensible  to  the  importance  of  fresh 
r.    The  Germans  sit  for  hours  in  low  crowded  rooms, 

densewith  tobacco-smoke  that  on  entering  you  cannot 
cognise  your  friends ;  and  so  vitiated  is  the  atmosphere 
'  the  compound  of  breath,  bad  tobacco,  exhalations  of 
ganic  putrefiable  matters,  and  an  iron  stove,  that  at 
'St  it  seems  impossible  for  you  to  breathe  in  it.     Even 

their  private  rooms  they  breathe  a  hot,  musty,  dry  air, 
hich  makes  an  Englishman  gasp  for  an  open  window. 

is  trne  that  after  a  while  you  get  accustomed  to  the 
r.  You  also  get  accustomed  to  that  of  the  smoke- 
led  tavern.  On  entering,  yon  felt  it  would  be  im- 
isaible  to  stay  in  it  ten  minutes  ;  but  in  less  than 


fc^ 


air  is  breathed.  No  animal  can  contiinie 
breathe  hydrogen,  simply  because  that  gas 
furnish  the  conditions  of  vitality ;  but  while  the  ai 
breathes  in  hydrogen,  the  exhalation  of  carbonic 
is  as  perfect  as  at  any  other  time  ;  thus  showii 
the  exhalation  depends  on  the  difference  in  the 
of  the  gases  in  the  atmosphere,  and  in  the  blood. 

6°.  Xfeceseiti/  of  Ventilation.— When  vre  breathe' 
and  over  again  the  same  air,  we  gradually  vitiate 
the  constant  exhalation  of  carbonic  acid,  which 
ally  brings  the  air  up  to  the  point  where  the  different! 
between  it  and  the  blood — as  regards  the  proportion 
of  carbonic  acid— disappearB.  The  blood  ceases  to  bi 
arterialised,  and  the  vital  fanctions  are  arrested.  Il 
vain  does  the  air  still  contain  a  quantity  of  life-gimg 
oxygen ;  the  blood  cannot  take  it  up,  because  it  canael 
get  rid  of  the  carbonic  acid,  and  it  cannot  get  rid  of  itt 
carbonic  acid  because  the  conditions  of  the  exchanffl 
are  absent.  To  place  an  animal  in  air  overcbaratd 
with  carbonic  acid,  is  equivalent  to  a  gradual  prevei- 
tion  of  his  breathing  a-t  all.  Suffocation  results  fonn 
vitiation  of  the  air  in  precisely  the  same  manner  si 
from  interception  of  the  air.  Although  burking  and 
gagging  are  crimes  which  appal  the  public,  that  public 
seems  almost  indifferent  to  the  milder  form  of  tk 
same  murder  when  it  is  called  "  want  of  ventilation.* 
In  spite  of  the,  historical  infamy  of  the  Black  Hole  it 
Calcutta,  our  prisons,  hospitals,  theatres,  churches,  and 
other  public  buildings,  were  left  disgracefully  ueglect«L 
nntil,  thanks  to  the  energetic  labours  of  our  sauitai? 
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eformers,  public  attention  was  aroused,  That  thou- 
sands have  been  the  yictims  of  publip  ignorance  on  this 
important  matter,  may  be  shown  by  a  single  example. 
The  deaths  of  new-bom  infants  "between  the  ages  of  1 
and  15  days,  which  in  the  Dublin  Lying-in  Hospital 
amounted  in  the  course  of  four  years  to  2944  out  of 
7650  births,  were  suddenly  reduced  to  only  279  deaths 
jfluring  the  same  period,  after  a  new  system  of  ventila^ 
Son  had  been  adopted.    Thus  more  than  2500  deaths, 

c  1  in  every  3  births,  must  be  attributed  to  the  bad 
intilation. 

In  England  the  public  is  daily  becoming  more  en- 
lightened on  the  subject  of  ventilation,  although  a  dan- 
gerous indifference,  springing  from  want  of  elementary 
fenowledge,  is  still  prevalent,  and  taxes  the  patience  of  re- 
formers ;  but  in  the  country  where  these  lines  are  writ- 
ten, it  is  painful  to  observe  that  even  highly  cultivated 
men  seem  almost  insensible  to  the  importance  of  fresh 
The  Germans  sit  for  hours  in  low  crowded  rooms, 
80  denaewith  tobacco-smoke  that  on  entering  you  cannot 
recognise  your  friends ;  and  so  vitiated  is  the  atmosphere 
by  the  compound  of  breath,  bad  tobacco,  exhalations  of 
organic  putrefiable  matters,  and  an  iron  stove,  that  at 
first  it  seems  impossible  for  you  to  breathe  in  it.  Even 
in  their  private  rooms  they  breathe  a  hot,  musty,  dry  air, 
which  makes  an  Englishman  gasp  for  an  open  window. 
It  is  true  that  after  a  whUe  you  get  accustomed  to  the 
air.  You  also  get  accustomed  to  that  of  the  smoke- 
filled  tavern.  On  entering,  you  felt  it  would  be  im- 
possible to  stay  in  it  ten  nainulies ;  but  in  leaa  than 
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ten  minutes  it  has  become  quite  tolerable,  and  in  liatfl 
an  hour  scarcely  appreciable.  If  yoa  quit  the  room  for  I 
a  few  minutes,  and  return  once  more  after  having  I 
breathed  fresh  air,  again  you  perceive  the  poisonons  I 
condition  of  tbe  atmosphere,  but  again  you  vrill  get! 
accustomed  to  it,  and  seem  to  breathe  fi-eely  i 

Was  this  atmosphere  really  not  injurious?  or  hanfl 
your  sensations,  like  sentinels  asleep,  ceased  to  wjubI 
you  of  the  danger  ?  To  answer  this,  we  will  first  brJnJ  I 
forward  some  experiments  instituted  by  Claude  Ee>  I 
nard  on  the  influence  of  vitiated  air  (Fig.  2i),  A  I 
Fig.  24. 
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A,  nell-Elnss;  M.  Mercury:  C,  Trnigfa. 

farrow  left  in  a  bell-glass  to  breathe  over  and  ot« 
again  the  same  air,  will  live  in  it  for  upwards  of  tltrMfl 
hours  ;  but  at  the  close  of  the  second  hour — ^whenl 
there  is  consequently  still  air  of  sufficient  puri^  tl 
permit  this  sparroVs  breathing  it  for  more  thaa  ■ 


inger — if  a.  fresh  and  vigorous  sparrow  be  intro- 
hiced,  it  will  expire  almost  immediately.  The  air 
^hich  would  suffice  for  the  respiration  of  one  sparrow 
mffocatea  another.  Nay  more,  if  the  sparrow  he  taken 
rom  the  glass  at  the  close  of  the  third  hour,  when  very 
aehle,  it  may  be  restored  to  activity  ;  and  no  sooner 
^as  it  recovered  sufficient  vigour  to  fly  about  again, 
ftfaan,  if  once  more  introduced  into  the  atmosphere  from 
which  it  was  taken,  it  will  perish  immediately.  Au- 
t©ther  experiment  points  to  a  similar  result  A  sparrow 
B  confined  in  a  hell-glass,  and  at  the  end  of  about  an 
liour  and  a  half  it  is  atill  active,  although  obviously 
suSering :  a  second  sparrow  is  introduced ;  in  about  ten 
minutes  the  new-comer  is  dead,  whUe  the  original  occu- 
pant flies  about  the  lecture-room  as  soon  as  liberated. 
One  cannot  try  experiments  on  human  beings  as  on 
animals,  but  accident  and  disease  frequently  furnish  us 
with  experiments  made  to  our  hand.  What  has  been 
just  related  of  the  birds,  is  confirmed  by  an  accident 
which  befell  two  young  Frenchwomen.  They  were  in 
a  room  heated  by  a  coke-stove.  One  of  them  was 
suifocated,  and  fell  senseless  on  the  ground.  The  other, 
who  was  in  bed,  sufi'ei'ing  from  typhoid  fever,  resisted 
the  poisonous  influence  of  the  atmosphere,  so  as  to  be 
able  to  scream  till  assistance  came.  They  were  both 
rescued,  but  the  healthy  girl,  who  had  succumbed  to 
the  nosious  air,  was  found  to  have  a  paralysis  of  the 
left  arm,  which  lasted  for  more  than  six  months.  Here, 
as  in  the  case  of  the  sparrows,  we  find  the  paradoxical 
result  to  be,  that  the  poisonous  action  of  a  vitiated  air 
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is  better  resisted  by  the  feebJe,  mcklj 
by  the  vigorous,  healthy  organism. 

This  paradox  admits  of  a  physiological  a^ 
In  the  vitiated  air  of  a  German  Kneipe.  tsiai 
the  houses  of  the  poor,  we  find  those  who  in 
time   to   adjast  themselves  to    it,   Itreathiug  i 
appai-ent  inconvenience,  although  each  ner-com 
the  air  to  bo  vitiated;  and  because  they"e^ 
tomed  to  it,"  people  very  naturally  suppose 
injurious  effect  can  follow.     Here   lies  the  di 
fdlacy.      They  get  accustomed  to  it,  indeed, 
because  they  do  ao  are  they  contented,  to  renml 
but  at  what  price  ?  by  what  means  ?     By 
depression  of  all  the  functions  of  nutrition  and 
tion.      In  this   depressed   condition    less 
absorbed,  and  therefore  less  is  needed  in  the 
phere.      A  vitiated  air  vrill  suffice  for  the  reap 
of  a  depressed  organism,  as  it  would  amply  si 
the  respiration  of  a  cold-blooded  animal     Wl 
enter  a  vitiated  atmosphere,  oiu-  breathinc  b 
laborious ;  the  consequence  of  this  ia  a  deprea 
all  the  organic  functions,  and  tJien  the  breathinje 
^ain,  because  we  no  longer  require  ao  much 
and  we  no  longer  produce  so  much  carbonic  acid. 
it  not  for  this  adjustment  of  the  organism 
medium,  by  a  gradual  depression  of  the  fimctioi 
tinned   existence  iu  a  vitiated  atmosphere  w 
impossible ;   we  see  the  vigorous  bird  perish 
taueously  in  air  which  would  sustain  the  enfeelA 
for  upwards  of  an  Lour. 


l—k. 


HOW   WE   ADAPT   OURSELVES   TO   BAD   AIR,      377 

Thus  does  Phyaiology  explain,  the  paradox ;  but  at 
the  same  time  it  points  out  the  fallacy  of  supposing 
that  bad  air  can  be  harmless  because  we  "  get  accus- 
tomed "  to  it.  It  is  a  fortunate  circumstance  for  those 
vho  have  to  breathe  bad  air,  that  the  organism  is 
liquickly  depressed  to  such  a  point  as  to  render  the  air 
fbreathable,  yet  no  one  will  deny  that  depressions  of 
i  kind  are  necessarily  injurious,  especially  when 
frequently  experienced.  There  is  indeed  a  wonderfiil 
dastieity  in  the  organism,  enabling  it  to  adapt  itself  to 
changing  conditions ;  but  a  frequent  depression  of 
fiuictional  activity  must  be  injurious,  and  fatal  if  pro- 
onged. 

It  is  interesting  to  observe  the  effect  of  a-  gradual 
adjustment  of  the  organism,  as  contrasted  with  one 
less  gradual  The  longer  the  tune  allowed,  the  easier 
3  this  adjustment.  Thus  a  bird  wUl  live  three  hours 
n  a  certain  quantity  of  air ;  in  the  same  quantity,  two 
birds  of  the  same  specioa,  age,  and  size,  will  not  live  one 
hour  and  a  half,  as  might  be  supposed,  but  only  one 
hour  and  a  quarter.  Conversely,  the  bird  which  will 
live  only  one  hour  in  a  pint  of  air,  will  live  three 
hours  in  two  pints. 

7°.  Respiration  a  vital  Problem. — ^Enlightened  by 
these  remarkable  results,  we  shall  now  be  able  to  regard 
Eeapiration  as  a  physiological  function  rather  than  as  a 
simple  physical  process.  On  more  than  one  occasion 
we  have  had  to  protest  against  the  tendency  to  explain 

I  vital  phenomena  by  physical  and  chemical  laws  only, 
without  regard  to  the  order  of  conceptions  specially 
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belonging  to  vital  phenomena ;  and  we  must  ttpM 
that  protest  in  the  present  case.  That  RespirattoD 
ultimately  dependent  on  physical  laws,  no  one  thinl 
of  disputing ;  and  in  the  arduous  endeavour  lo  detw 
the  operation  of  ttose  laws,  it  is  natural  that 
should  neglect  the  still  more  difficult  study  of  viul 
lawa.  But  we  think  it  can  be  shown  that  however  fe 
Emalysis  may  trace  the  operation  of  the  laws  of  gaseoat 
interchange  and  dLffuaion,  and  the  condensing  actionrf 
moist  membranes,  these  ■will  only  conduct  ua  to  tbt 
threshold  ;  they  will  never  open  for  us  the  temffe 
These  physical  lawa  reveal  only  one  part  of  the  mysu^ 
Respiration  is  not  a  simple  physical  fact.  It  is  tie 
function  of  a  living  organism,  and  as  such  receives  i 
specific  character  from  that  organism.  No  sooner  At 
we  cease  to  regard  the  exclusively  physical  aspect  o! 
this  function — no  sooner  do  we  fix  our  attention  on  ths 
organism  and  its  influence,  than  the  theory  raised  an 
the  simple  laws  of  gaseous  interchange  suddenly  totm 
and  falls. 

It  seems  easy  to  explain  why  warm-blooded  animal] 
cease  to  breathe  in  an  atmosphere  charged  with  a  certain 
per-centage  of  carbonic  acid,  although  there  may  still 
remain  sufficient  oxygen  to  permit  a  candle  to  bum  in 
it,  and  even  to  permit  continued  respiration  if  the  car- 
bonic acid  be  removed.  The  presence  of  a  certain 
amount  of  carbonic  acid  in  the  air  prevents  the  ezhob- 
tion  of  caihonic  acid  from  the  blood.  As  we  read  the 
explanation,  nothing  can  seem  clearer,  and  we  admin 
the  skill  with  which  the  laws  of  the  absorption  of  ga3^ 
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^■sre  brought  to  bear  on  the  question.    But  aa  we  pursue 

^ponr  researches,  various  difficulties  arise ;  and  as  we 

^B  extend  the  inquiry  from  the  respiration  of  warm-blooded 

1^  to  that  of  cold-blooded  animals,  we  learn  that  the  fact 

t$~  is  not  at  all  true  of  the  simpler  organisms.    Let  us  for 

^  a  moment  consider  one  striking  contradiction :  the  air 

2 ;--  which  has  once  passed  through  the  lungs  of  a  man,  and 

■x:    which,  in  losing  four  or  five  per  cent  of  its  oxygen,  has 

^   become  chained  with  three  or  four  per  cent  of  carbonic 

^.;  acid,  will  yield  bnt  very  little  of  its  remaining  oxygen 

.  j   when  again  passed  through  the  lungs  ;  and  if  this  air 

^  be  breathed  over  and  over  again,  imtil  the  sense  of 

I  suffocation  forces  a  cessation,  the  air  will  atill  be  found 

^    to  contain  ten  per  cent  of  oxygen — that  is  to  say,  nearly 

y     half  its  original  quantity.      In  air  thus  vitiated  the 

[      respiratory  process  is  impossible,  but  only  impossible 

|-  for  warjn-bloodsd  animals  in  health  ;  frogs,  reptiles, 

fish,  and  molluscs,  instead  of  perishing  when  the  air 

t  about  half  its  oxygen,  continue  to  breathe,  and 

'  to  absorb  oxygen,  abnost  as  long  as  there  is  any  left 

I  Spalianzani,  Humboldt,  and  Matteucci,  have  placed  this 

I  beyond  a  doubt  by  their  experiments  ;  and  when  we 

Bonsider  how  long  these  experiments  have  been  before 

e  world,  it  is  a  matter  of  surprise  that  the  contra- 

idiction  they  give  to  all  the  purely  physical  theories  of 

iespiration  baa  not  been  insisted  on.     If  the  process 

Hepends  simply  on  the  proportion  of  gases   in  the 

r  atmosphere,  how  is  it  that  one  animal  can  continue  to 

h  breathe  in  an  atmosphere  unbreatliable  by  another? 

f  it  be  simply  the  interchange  of  oxygen  and  carbonic 

2f 
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add,  and  this  interchange  be  frostiated  whew 
per  cent  of  oxygen  has  disappeared,  the  lawfl 
ahsotute :  it  mnst  be  as  applicable  to  reptiles 
moUnscs  as  to  birds  or  mammala  Instead  of  tldi 
find  that  reptiles  can  continne  to  breathe  long 
snch  a  limit  has  been  passed  ;  they  continoe  to  ^ 
oxygen  as  long  as  eyen  only  three  per  cent  remui 
apite  of  the  continually  increasing  proportion  of 
bonic  acid.  How  is  it  that  the  physical  lav 
absorption  frnstratfid  the  Respiration  of  one  da 
animals,  and  were  powerless  with  another  class  i 
is  it  that,  when  a  bird  and  a  frog  are  confined  ii 
same  vessel,  the  frog  will  continne  to  absorb  oi 
from  the  vitiated  air  in  which  the  bird  haa 
perished?  Clearly  the  cause  of  this  difference  lii 
the  difference  of  the  organisms ;  and  we  mast  no  K 
seek  in  the  mere  quantities  of  gases  an  explanati 
interrupted  respiration  ;  we  must  no  longer  say 
"  breathing  becomes  impossible  when  the  air  is  cba 
with  a  certain  amount  of  carbonic  acid,  because 
amount  prevents  the  gaseous  interchange  ; "  ba; 
must  say  that  such  an  amount  prevents  the  at 
interchange,  because  it  interferes  with  the  tag 
action  of  the  pulmonary  apparatus.  The  distinc 
becomes  palpable  when  we  have  an  organism  whio 
not  affected  by  this  amount  of  carbonic  acid,  an 
even  more  palpable  when  we  see  a  warm-blw 
animal  capable  of  breathing  for  a  long  period  tin 
which,  under  a.  different  condition,  it  would  find 
breathable.      We   have   seen   how   a    bird,    with 


ffunctions  depressed,  can  continue  to  breathe  for  an 
phour  in  an  atmosphere  which  immediately  suffocated 
mother  bird  of  the  same  species ;  whereby  it  became 
dear  that  the  lungs  of  one  warm-blooded  animal  could 
rabsorb  oxygen  from  an  atmosphere  in  which  there  waa 
mch  a  proportion  of  carbonic  acid,  that  sufficient  oxygen 
K>uld  not  be  absorbed  by  a  vigorous  animal  of  the  same 
fceciea. 

\  The  intervention  of  organic  conditions,  modifying 

B  simple  physical  laws  of  gaseous  exchange,  is  snffi- 

feiently  evident  from  what  has  just  been  said  ;  but  wo 

e  as  yet  no  clear  insight  into  the  nature  of  this 

intervention  ;    we  do  not  know  why  blood,  charged 

fwith  carbonic  acid,  cannot  in  the  one  case  exchange 
that  gas  for  the  oxygen,  of  which  ten  per  cent  still 
remains,  since  ia  another  case  the  same  blood  can 
effect  the  exchange  when  there  is  even  less  than  ten 
per  cent  of  oxygen. 

Atmospheric  air  contains  onlj  twenty-one  per  cent 
of  oxygen.  But  if  fifty  per  cent  of  oxygen  be  mixed 
with  fifty  of  carbonic  acid,  a  warm-blooded  animal  ia 
suffocated  in  it,  in  spite  of  there  being  more  than  double 
the  amount  of  oxygen  present  in  the  ordinary  atmo- 
sphera  Bernard,  who  made  the  experiment,  thinks  that 
the  carbonic  acid  in  this  mixture  prevented  the  oxygen 
from  entering  the  blood,  not  only  because  of  its  greater 
solubility,  which  gives  it  a  tendency  to  displace  the 
oxygen,  but  also  because  of  the  obstacle  it  presents  to 
the  exhalation  of  carbonic  acid.  On  the  other  hand, 
the  extensive  and  careful  experiments  of  Begnault  and 
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lation  in  the  atmosphere  as  will  prevent  its  ezhalatic 
its  mere  presence  in  the  blood  seems  to  be  quite  hamil* 
even  in  large  quantitiea,  provided  always  that  it 
retained  there  to  the  esclusion  of  oxygen.      Carl 
acid,  when  absorbed  into  the  blood,  which 
cannot  there  exert  ita  irritant  action  as  an  acid,  becai 
it  wili  either  be  transformed  into  a  carbonate  or 
dissolved.      Bernard  has  iiyected  large  quantities : 
the  veins  and  arteries,  and  under  the  skin  of  rabbits, 
and  found  no  noxious  effect  ensue.    The  more  carbonic 
acid  there  is  in  the  blood,  the  more  will  be  exhaled, 
provided  always  that  the  air  be  not  already  so  charged 
with  it  as  to  prevent  this  exhalation. 

This  is  a  sufficient  answer  to  the  Teetotal  argumenti 
that  Alcohol  must  be  poisonous,  because  it  is  said  to 
cause  an  accumulation  of  carbonic  acid  in  the  blood 
This  is  not  true,  as  a  matter  of  fact ;  and  if  true,  it 
would  in  no  way  affect  the  breathing  process ;  the 
extra  quantity  of  carbonic  acid  would  be  got  rid  of  U 
easily  as  the  usua!  quantity. 

But  oxide  of  carbon  is  a  poisonous  gas.  Every  reader 
will  remember  the  blue  flame  which  rises  from  lighted 
coala  or  wood ;  that  is  oxide  of  carbon ;  and  being 
notoriously  poisonous,  it  has  by  some  writers  been 
selected  as  the  real  agent  in  those  numerous  deatiis 
occurring  from  voluntaiy  and  involuntary  exposure  to 
the  fumes  of  charcoal  in  closed  chambers.  Carbcmie 
acid  was  said  to  be  innocent,  and  oxide  of  ciu-bon  hid 
to  bear  the  whole  infamy.  There  is  no  doubt,  howevff, 
that  ^though  carbonic  acid  is  not  a  poison,  it  wSl 
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prodnce  asphyxia,  and  deaths  from  charcoal-fumes  may 
occur  either  from  this  asphyxia,  or  from  poisoning  by 
oxide  of  carbon,  or  from  a  conjunction  of  the  two. 
Oxide  of  carbon  is  truly  called  a  poison,  because  its 
action  is  deleterious  eren  in  slight  doses,  no  matter 
what  may  be  the  state  of  the  atmosphere ;  but  carbonic 
acid  is  only  deleterious  ■wheu  the  quantity  in  the 
atmosphere  is  sach  that  the  aljsorption  of  oxygen  is 


Carbonic  acid  passes  to  and  fro,  leaving  the  blood 
otherwise  unaltered;  but  oxide  of  carbon  really  kills 
the  blood.  If  we  take  a  little  venons  blood  and  expose 
it  to  oxide  of  carbon,  it  becomes  instantly  scarlet.  In 
appearance  the  change  has  been  nothing  more  than 
would  have  occurred  had  oxygen,  instead  of  the  oxide, 
been  employed.  But  in  fact,  the  change  has  been  very 
considerable. 


lu  Fig.  25  we  see  how  Bernard  causes  a  dog  tohreathe 
the  oxide  of  carboa     At  first  the  gas,  which  is  in  the 


bladder,  is  kept  from  the  dog,  and 
from  au  opened  vein  is  seen  to  be  black. 
the  cock,  and  causing  the  oxide  to  mingle  with  \ 
breathed,  the  blood  is  rapidly  seen  to  be  scarlet 
unless  the  operation  is  suspended  immediate); 
dog  will  die  suffocated.  This  scarlet  blood  wi 
become  black  i^ain  on  exposure  to  carbonic  at 
would  be  the  case  if  oxygen  had  given  tbe  scarlt 
our.  On  the  contrary,  the  scarlet  colour  ia  re 
for  weeks. 

Prusaic  acid  produces  a  similar  effect,  Poisoni 
prussic  acid,  or  by  oxide  of  carbon,  may  be  deted 
this  scarlet  colour  of  the  venous  blood. 

The  effect  of  oxide  of  carbon  is  to  render  the 
discs  incapable  of  that  process  of  exbalation,  on  ■ 
as  we  have  seen,  the  activity  of  the  organism  de 
The  blood,  to  all  appearance,  preserves  its  vitalil 
neither  the  form  nor  the  colour  of  its  discs  is  al 
but  the  blood  is  really  dead,  because  its  restless  cl 
are  arrested.  Ever  wonderful  is  the  fact  coat 
obtruding  itself  upon  us,  that  Life  is  inseparably 
with  Change,  and  that  every  arrest  is  Death. 
through  incessant  destruction  and  reconstractw 
vital  phenomena  emerge,  an  ebb  and  flow  of 
The  moment  we  preserve  organic  matter  from  dt 
tion,  we  have  rendered  it  incapable  of  the  p 
strivings  of  Life.  A  spirit  like  that  of  Paust 
ranging  throagh  all  matter ;  and  if  ever  it  sbouJ 
to  the  passing  moment,  "  Stay  I  thou  art  fail 
career  will  be  at  an  end. 
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Deaths  from  Suffocation. — We  have  seen  that  a  cur- 
lent  of  fresh  air  prevents  carbonic  acid  from  being  nox- 
ious, unless  the  quantity  be  very  considerable ;  and  it  is 
liis  account  that  coal,  coke,  candles,  gas,  &c.  can  be 
burned  in  our  apartments  without  injury.  But  it  is 
important  to  know  that  a  current  of  fresh  air  will  not 
always  prevent  death  from  suffocation.  It  is  important 
^  know  that  thera  is  no  absolute  safety  in  the  fact  of 
■the  room  being  ventUated ;  the  mere  presence  of  car- 
bonic acid  will  not  cause  suffocation  in  such  a  room, 
but  iinhappily  the  carbonic  acid  is  frequently  accom- 
panied by  oxide  of  carbon,  and  it  is  to  this  we  must 
attribute  those  accidents  which  have  occurred  in  manu- 
factories, when  the  workmen,  seated  at  tables  under 
which  coke  was  burning,  have  fallen  back  suffocated. 
Dr  Marye  cites  a  case  of  asphyxia  which  occurred  in  a 
room,  one  of  the  window-panes  of  which  was  broken, 
80  that  a  current  of  air  must  have  circulated  in  it.  In 
1835,  a  shopkeeper  of  Paris  was  found  suffocated  in  hie 
bed,  although  the  room  in  which  he  slept  was  over  the 
shop,  communicating  with  it  by  an  open  staircase,  and 
shop  had  its  windows,  opening  on  the  street,  im- 
perfectly closed.  In  spite  of  this  free  access  of  air,  the 
noxious  vapours  from  a  stove  in  which  coke  and  coal 
were  burning,  suffocated  hiiiL 

Gas  ia  a  great  spoiler  of  the  air;  but  it  has  the  merit 
of  giving  timely  warning  of  the  danger,  by  the  horrible 
smell  which  accompanies  its  escape.  This  smell  is  per- 
ceptible when  there  is  only  one  part  in  a  thousand  parts 
of  air ;  becomes  very  offensive  when  the  proportion 
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Tiff  °^  sffff'  ^""^  ^^  almost  insupportable 
tion  increases.  If  the  gas  Las  escaped  from  a 
the  pipes,  and  been  allowed  to  mingle  with  tin 
which  a  free  circulation  by  veutilation  is  imposs 
that  the  proportion  of  gas  amounts  to  -^j-,  it  expl( 
the  introduction  of  a  candle.  This  was  the  a 
that  terrible  accident  some  twenty  years  aire  in . 
Street,  when  a  whole  Louse  was  blown  np,  s 
powder-mill  had  been  ignited.  Gas,  when  bun 
also  very  injurious,  and  seems  to  Lave  a  particula 
effect  upon  tLe  nervous  system,  as  all  persons  kn( 
have  attended  to  their  sensatioDS.  It  produces 
ment,  headache,  lassitude,  and  often  sickneaa 
ventilation  is  in  all  cases  indispensable,  it  become 
and  more  urgent  in  proportion  to  the  amount  of 
coke  which  is  burning  in  the  room;  and  when  we 
on  the  compound  of  evils  which  meet  togethe 
theatre,  concert-room,  or  lecture-room — the  air  i 
of  its  oxygen  by  the  burning  and  the  breathin 
loaded  with  carbonic  acid,  animal  effluvia,  anc 
there  can  be  little  surprise  if  a  violent  headac 
nnusual  languor,  is  the  result  of  staying  three  h( 
auch  an  atmosphere. 

Death  from  drowning  is  also  a  form  of  suffoi 
On  sinking  into  the  water,  a  man  first  struggles 
surface,  and  gasps  for  breath ;  but  with  the  sir 
enters  some  water,  and  this  makes  him  cough ;  in  < 
ing  to  expel  the  water,  he  expels  a  great  part  of  t 
which  he  had  drawn  in.  In  a  few  seconds  his  sb 
&ila ;  he  can  no  longer  rise  to  %be  Burfacg,  ffie  I 
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demand  for  fresh  air  forces  him  to  open  his  month,  and 
Jihis  on]y  allows  more  water  to  enter,  and  asphyxia 
Jesuits.  Bat  this  is  not  always  the  course  of  the  phe- 
nomena. Soraetimes  tlie  man  receives  such  a  shock  that 
te  is  instantaneously  deprived  of  the  use  of  his  faculties 
— he  faints  in  the  water,  and  dies  without  a  struggle. 
Sir  Benjamin  Brodie  tells  a  stoiy  of  a  man  who  was 
recovered  from  drowning,  and  who  described  it  as  being 
a  very  calm  and  bli.ssful  mode  of  deatL  The  last  thing 
he  was  conscious  of  was,  that  he  quietly  counted  the 
pebbles  on  the  bottom. 

Ill  Theories  op  Eeshration. — It  is  hoped  that 
the  foregoing  pages  hare  fiimished  the  reader  with  many 
important  hints  for  practical  guidance,  and  have  duly 
impressed  him  with  the  serious  necessity  of  attending  to 
ventdation  in  bedrooms,  sitting-rooms,  and  manufac- 
tories ;  but  there  are  also  speculative  points  which  might 
proiitably  detain  us,  after  we  have  fully  satisfied  our- 
I  selves  on  the  practical  points.  A  few  of  these  may  now 
be  touched  on. 

And,  first,  of  that  popular  theory  which  declares 
Respiration  to  be  a  process  of  Oxidation  It  probably 
caused  the  reader  a  pleasaut  feeling  of  surprise  when  he 
first  heard  that  the  burning  of  a  candle,  the  rusting  of 
iron,  and  the  process  of  breatliing,  were  only  three  forms 
of  the  same  process — three  names  for  three  different 
forms  of  combustion  or  oxidation.  There  is,  indeed,  a 
fascination  in  such  generalisations.  One  almost  regrets 
to  find  them  not  correct     I  am  sony  to  say  this  one  is 
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not  correct.  The  burning  of  a  candle  and  the  ni 
of  iron  are,  indeed,  two  forms  of  one  piocees  d  ■ 
bastion.  They  are  oxidations  ;  but  respiration  a 
longer  be  considered,  in  any  sense,  as  a  process  of  a 
tion.  The  combustion- theory  is  a  mistake  fromfii 
last.  Respiration,  as  a  process,  is  two-fold — the  e 
ation  of  carbonic  acid,  and  the  absorption  of  oxygo. 

The  interesting  experiments  of  Priestley  villi 
us  to  set  forth  the  differences  between  Eespiratit 
Combustion,  He  placed  mice  in  a  bell-glass,  whffl 
due  time  they  were  suffocated  by  the  air  which  thejl 
vitiated ;  other  mice  were  introduced,  and  they  ma 
immediately.  In  another  bell-glass  a  candle  went* 
after  having  in  its  combustion  absorbed  a  part  ofi 
oxygen;  another  burning  candle  was  introduced,  udi 
was  at  once  extinguished  by  this  vitiated  air.  In  U 
of  these  vessels  some  mint  was  now  placed,  wheni 
flourished,  and  so  completely  revivified  the  air,  by* 
aorbing  its  carbonic  acid  and  giving  out  oxygen,  di 
mice  could  agam  breathe  in  the  one,  and  a  candle  bd 
in  the  other.  In  these  experiments  we  seem,  to  haw 
demonstration  of  the  identity  of  Combustion  and  Be^ 
ration — and  this,  indeed,  was  the  conclusion  dnn 
but  that  the  conclusion  is  erroneous,  appears  from  d 
experiments  of  Claude  Bernard,  who  takes  a  bell-dii 
containing  an  atmosphere  of  15  per  cent  of  oxygen,  u 
2  per  cent  of  carbonic  acid — the  rest  of  the  osye 
having  disappeared  to  form  water  with  the  hydrogen' 
the  candle  which  has  just  gone  out.  In  this  atmospk? 
in  which  a  candle  will  not  bum,  a  linnet  will  breathe 


e  time.  Bernard  then  reverses  the  experi- 
b,  and  makes  an  atmosphere  in  which  a  candle  will 
I,  but  in  which  an  animal  instantaneously  perishes 
ihere  composed  half  of  oxygen  and  half  of 
carbonic  acid,  in  ■which  a  candle  wJU  bum  better  than 
,-ji  the  air,  because  of  the  greater  ajnount  of  oxygen  ; 
but  in  which  the  animal  perishes,  because,  in  spite  of 
the  amount  of  oxygen,  that  oxygen  cannot  be  absorbed. 
The  bird,  when  about  to  expire  in  vitiated  air,  will  be 
recalled  to  life  if  the  carbonic  acid  be  removed  by  the 
introduction  of  potash — showing  that  it  is  owing  to  the 
presence  of  this  carbonic  acid  that  Respiration  is  im- 
peded ;  but  we  cannot  thus  restore  the  expiring  flame 
of  the  candle  by  removing  the  carbonic  acid.  Place 
lighted  candles  in  two  bell-glasses,  and  as  soon  as  the 
combustion  grows  feeble,  introduce  into  one  glass  some 
pota.sh  to  remove  the  carbonic  acid,  you  will,  neverthe- 
less, find  that  the  candles  in  both  glasses  will  go  out  at 
the  same  instant.  The  experiment  is  very  simple,  and  its 
signiiicaTice  is  plain.  By  it  we  see  the  difference  between 
Combustion,  which  is  only  oxidation,  and  Respiration, 
which  is  not  oxidation  but  exchange.  In  the  combus- 
tion of  the  candle  the  oxidation  is  everything,  and  no 
process  of  exchange  takes  pkce.  In  the  breathing  of  an 
animal  the  exchange  is  everything,  and  no  oxidation 
takes  place.  The  caudle  expires  because  there  is  not 
enough  oxygen  in  the  air  ;  the  animal  expires  because 
there  is  too  much  carbonic  acid  in  the  air. 

Further,  to  prove  that  Respiration  is  an  exchange  of 
gases  in  the  Inngs,  and  not  a  process  of  oxidation,  we 


Fig.  20. 
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need  only  refer  to  the  experiments  of  f 
W.  Edwards — experiments  so  celebrated,  t 
amazed  to  find  one's-self  citing  them  in  t 
which  they  ought  long  ago  to  have  closed. 
A  frog  was  placed  in  a  bell-glass  contaii 

hydrogen  gaa,  revera 
mercury  :  Fig.  26.  ! 
placing  it  there,  i 
had  been  pressed  oi 
lungs.  For  eight  h 
a  haJf  it  contu 
breathe  this  h 
if  continued  to  j 
pt-=  bonicacid.  Thesame^ 
rinient  will  succeed  i 
with  warm-blooded  anifflil 
if  tried  on  those  newly  bom ;  bat  after  they  kffll 
breathed  for  some  hours  they  are  unable  to  swil 
the  test.  These  experiments  prove  that  carbonic  Mil 
pre-exiats  in  the  blood,  and  is  not  formed  during  k\ 
apiration  by  the  oxygen  as  it  enters;  and  pren 
likewise,  that  the  respiratory  process  is  a  double  omi 
exhalation  and  absorption,  which  can  take  place  » 
well  with  hydrogen  as  with  oxygen  :  and  we  ara  tha 
forced  to  exclude  the  idea  of  oxidation  altogeAs 
Although  respiration  can  take  place  without  ojjn 
life  will  not  long  continue  without  it ;  for,  as  bd* 
stated,  oxygen  is  the  power  which  bums  organic  mrttH 
into  life. 

There  is  another  form  of  the  combustion-t 


ion-thec  ^| 
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r  those  who  give  up  the  idea  of  carbonic  acid  being 
frraed  in  the  lunga.  It  is  thia :  "  The  oxygen  of  the 
ir  bums  the  carbon  of  the  tissues  into  carbonic  acid, 
the  hydrogen  into  water."  "Widely  as  this  hypo- 
thesis lias  been  accepted,  there  is  not  oae  bit  of  direct 
evidence  that  carbonic  acid  and  water  are  ever  formed 
in  this  way  in  the  organism ;  it  is  purely  inferential, 
iind  there  are  many  reasons  against  onr  accepting  it 
even  hypothetically.  But  even  on  the  supposition  that 
such  direct  oxidations  were  the  source  of  the  carbonic 
acid  and  water,  we  should  still  have  to  declare  that 
Keapiration  was  not  a  process   of  Combustion.      If 

Fldation  of  tissue  is  one  result  of  Eespiration,  it  is 
t  the  process. 
Why  is  death  inevitable  when  the  access  of  fresh 
oxygen  ia  excluded  ?  The  fact  we  know— of  the  reason 
we  are  ignorant.  There  stil!  remains  a  large  quantity 
of  oxygen  in  the  blood  of  the  expiring  animal ;  nor 
wiU  death  be  sensibly  retarded  if  fresh  oxygen  is  in- 
jected into  the  veins  and  arteries.  How  is  this  ?  The 
process  of  respiration  brings  oxygen  to  the  blood  ;  yet, 
if  the  oxygen  be  brought  there  through  a  more  direct 
channel  while  respiration  is  impeded,  the  animal  will 
die  as  quickly  as  if  left  to  itself  Bernard  tied  a  dog's 
head  in  a  bag,  which  would  in  a  certain  time  produce 
suffocation,  and  he  found  that  period  by  no  means  re- 
tarded when  he  injected  oxygen  into  the  arteries. 
2".  The  Balance  of  Nature. — Quitting  for  a  moment 
labyrinth  of  difficulty  and  doubt,  which  alternately 
iuatea  and  disheartens  ns  when  we  strive  to  gain 
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I  But  Nature  is  apt  to  elude  the  grasp  of  swift 
I  she  repeatedly  declines  to  fall  into  the 

wmmetrical  of  their  formulas.     Kot  that  Nature 

ISoious  or  illogical ;  but  logicians  are  apt  to  draw 
Bes  before  they  have  collected  sufficient  data, 
^  in  the  present  case,  point-blank  declares  that 
lence  of  vegetation  on  the  atmosphere  is  totally 
ireciaile,  unless  the  atmosphere  be  in  a  closed 
ber  or  vessel,  and  then  the  influence  is  sticking. 
an  wit  has  discovered  no  teat  delicate  enough  to 
saate  the  influence  of  plants  on  the  iree  atmosphere 
liich  we  live.  The  depth  and  compa-ss  of  this  air- 
1  are  too  vast,  and  the  amount  of  oxygen  absorbed 
nimals  too  trivial  in  comparison,  for  any  effect  to 
jpreciable ;  moreover,  the  mixture  of  the  gases  in 
ir,  and  their  mutual  diffusion,  is  so  rapid,  that  no 
■ence  has  yet  been  detected  in  the  proportions  of 
en  and  carbonic  acid  in  the  air  of  crowded  towns 
ooded  valleys.  The  air  of  cities  will  hold  more 
ms  exhalations  suspended  in  it,  but  its  gaseous 
>OBition  will  be  the  same  as  that  of  the  country. 
ive  an  idea  of  the  insignificant  part  played  by  ani- 

aa  vitiators  of  the  great  air-ocear,  we  may  men- 
the  calculation  made  by  the  distinguished  chemist 
las,  that  all  the  oxygen  consumed  by  all  the  animals 
he  surface  of  the  globe  during  one  hundred  years 
[d  not  amount  to  more  than  the  ^i^  of  the  quan- 
iu  our  atmosphere;  and  even  supposing  aUvegetar 

to  be  annihilated,  consequently  no  oxygen  to  be 
med  to  the  air  by  the  incessant  reduction  of  the 
2g 
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some  explanation  of  the  noyriad  processes  of  lif^  ]dit| 
stand  apart  and  contemplate  the  man-el  of  resphato;! 
interchange,  no  longer  as  an  animal  function,  but  n 
as  a  planetary  phenomenon ;  let  us  endeavour  to  pictoil 
to  ourselves  the  silent  creative  activity  everywhere  dr-l 
pendent  on  this  interchange.  The  forests,  the  prairi^  I 
the  meadows,  the  cornfields,  and  gardens — the  n 
expanse  of  plant-life  covering  mountain  and  jj 
these  subsist  on  the  carbonic  acid  which  is  e 
the  lungs  and  bodies  of  animals.  Plants  take  up  ti 
honic  acid  from  the  atmosphere,  mould  the  carbon  is 
their  own  substance,  and  set  free  the  oxygen,  once  mo 
returning  it  to  the  atmosphere.  Animals  reverse  tbil 
process,  taking  up  the  oxygen,  and  f^ving  out  carboni)  I 
acid  for  the  nourishment  of  plants.  This  beautiiiil  rhyth- J 
mus  of  organic  life  has  been  so  often  described  thatil. 
has  almost  become  a  commonplace,  without,  howeTa*,  J 
losing  its  charm  for  the  contemplative  mind. 

The  dependence  of  plant  on  animal,  and  of  animi 
on  plant,  united  in  one  mystery,  and  ever  acting  eacltl 
for  the  advantage  of  the  other,  is  not  an  idea  to  lose  itH 
charm  by  becoming  familiar ;  but  it  sometimes  leadtl 
to  misconceptions.  What,  for  instance,  seems  i 
natural  than  that  the  influence  of  trees  planted  in  onrJ 
cities  should  be  very  beneficial?  If  trees  can  thntfl 
withdraw  the  noxious  carbonic  acid  from  the  vitiated'l 
air  of  cities,  would  it  not  be  desirable— nay,  ought  it  I 
not  peremptorily  to  be  demanded — that  as  many  t 
should  be  planted  in  our  streets  as  we  can  find  roonl 
for?     Such  conclusions  aje  soon  reached  by  swift  lo^l 


But  J^'ature  is  apt  to  elade  the  grasp  of  swift 
ins,  and  she  repeatedly  dedines  to  fall  into  the 
V  most  symmetrical  of  their  formulas.     Not  that  Nature 
c  is  capricious  or  illogical ;  but  logicians  are  apt  to  draw 
P  inferences  before  they  haye  collected  sufficient  data. 
i  Nature,  in  the  present  case,  point-blank  declares  that 
la  the  influence  of  yegetation  on  the  atmosphere  is  totally 
>;  inapprcdaUe,  unless  the  atmosphere  be  in  a  closed 
a  chamber  or  vessel,  and  iheni  the  influence  is  striking, 
a .  Human  wit  has  discovered  no  test  delicate  enough  to 
s  appreciate  the  influence  of  plants  on  the  free  atmosphere 
m  in  which  we  live.     The  depth  and  compass  of  this  air- 
e  ocean  are  too  vast,  and  the  amount  of  oxygen  absorbed 
t  by  animals  too  trivial  in  comparison,  for  any  eSect  to 
:  be  appreciable ;  moreover,  the  mixture  of  the  gases  in 
■  the  air,  and  their  mutual  difluaion,  is  so  rapid,  that  no 
difierence  has  yet  been  detected  in  the  proportions  of 
oxygen  and  carbonic  add  in  the  air  of  crowded  towns 
or  wooded  valleys.     The  air  of  cities  will  hold  more 
noxious  exhalations  suspended  in  it,  but  its  gaseous 
composition  will  be  the  same  as  that  of  the  country. 
To  give  an  idea  of  the  insignificant  part  played  by  ani- 
mals as  vitiators  of  the  great  air-ocean,  we  may  men- 
tion the  calculation  made  by  the  distinguished  chemist 
Dumas,  that  all  the  oxygen  consumed  by  all  the  animals 
on  the  surface  of  the  globe  during  one  hundred  years 
would  not  amount  to  more  than  the  ^(^j  of  the  quan- 
tity in  our  atmosphere;  and  even  supposing  all  vegetar- 
tion  to  be  annihilated,  consequently  no  oxygen  to  be 
retm-ned  to  the  air  by  the  incessant  reduction  of  the 
2g 


carbonic  acid,  tbere  ivoiild  still  need  a  period  ot  is 
thousand  year9  before  the  diminution  of  the  oijji 
could  become  appreciable  by  any  instnimeuts  nela 
hitherto  invented. 

3°.  Varieties  in  Animals. — The  fact  that  Bespii 
tion  ia  an  animal  function,  dependent  upon  a  pecaJ 
organic  apparatus,  leads  ns  at  once  to  suspect  tiUi 
will  exhibit  great  varietiea^not  only  in  various  aniini 
but  in  the  same  animal  under  different  conditioiii 

We  learn,  for  example,  without  surprise,  thatasiiui 
of  large  bulk  eonsnme  more  air  than  the  smib 
animals ;  horses  and  oxen  more  than  men  ;  men  n* 
than  dogs  and  cats.  But,  to  use  an  Eastern  figirn' 
raises  the  eyebrow  of  astonishment  when  we  lesmlh 
the  proportion  of  carbonic  acid  exhaled  by  a  man' 
a  horse  bears  no  sort  of  correspondence  to  the  ^ 
enees  in  their  relative  bulk — the  proportion  bdngU 
to  1 6,  We  are,  in  lite  manner,  puzzled  to  find  M 
full-grown  cat  only  exhales  IJ  of  carbonic  add,  lin 
a  rabbit  produces  more  than  2.  How  ia  this  tall 
explained  ?  Is  there  not  a  streak  of  light  tremlAl 
on  this  question  when  we  bring  forward  the  fact  p 
viously  mentioned,  that  the  vegetable  feeders  nnifisa^ 
exhale  more  carbonic  acid  than  the  animal  feedoi^M 
that  carnivorous  animals  exhale  more  than  their  Vt 
quantity  if  they  are  fed  on  vegetables  ?  Some  1^ 
may  fall  from  this  source,  but  it  does  not  suffiN ' 
clear  up  the  obscurity. 

Another  interesting  problem  also 
Although  the  larger  the  animal,  the  greater  ti 


Iso    arises  J^H 
:  greater  lifa^H 


oaoimt  of  carbonic  acid  it  produces  •  yet  the  smaller 
le  animal  the  greater  ia  the  relative  anaount  it  pro- 
luces.  Thus,  supposing  the  production  of  carbonic 
eid  be  estimated  according  to  each  pound-weight  of 
the  animal,  'we  shall  find  that  tbe  smaller  the  animal 
ihe  greater  will  be  its  proportion.  But  it  is  not  size 
tnd  weight  alone  which  determine  the  differences  in 
4ie  amount  of  air  consumed  ;  far  greater  differences 
Prill  arise  from  the  Tarietiea  of  OTganisation,  We  may 
iccept  it  as  an  axiom  in  physiology,  that  the  activity  of 
Respiration  is  inseparably  connected  with  vital  activity 
—not  simply  muscular  activity,  as  some  writers  main- 
ffljn,  but  all  processes  whatever,  involving  chemical 
shange  within  the  body.  The  most  striking  confirma- 
tion of  this  axiom  is  perhaps  to  be  seen  in  the  pheno- 
mena of  hybernation  or  winter-sleep.  No  sooner  are 
the  vital  functions  reduced  to  this  extremely  feeble 
condition,  in  which  we  may  almost  say  life  is  suspended, 
ithan  these  hybemating  animals  are  so  incapable  of 
ordinary  respiration  that  they  may  be  placed  in  an 
atmosphere  of  pure  carbonic  acid,  and  remain  there 
unhurt  for  four  hours ;  whereas  if  they  were  placed  in 
Buch  an  atmosphere  when  their  breathing  was  going  on, 
they  would  instantly  perish. 

One  would  imagine,  on  hearing  this,  that  our  ordin- 

•  Ttia  appliea,  ofooutSB,  only  to  aaimaJa  of  the  Bamokini  "Vous 
Wrei  ftoDQ^,"  saya  Spollanzaaii,  "quaEJ  J6  Tousdiral  qu'iino  larva  du 
Boida  do  quelquflB  graina  B'appropria  presqu'  outant  d'oicyefeiiB  dons  la 
no  tains,  i^u'un  Bin|ihibie  milla  fois  plus  Toluinioeux  qu'elle," — 
iiioiret  ntr  la  Map.,  p.  69.  TIub  ia  baeauae  the  inBSCt  livaa  so  muoh 
re  rapiill;  tlios  Hui  roptilo, 


and  the  lassitude  which  succeeds  mental  or 
mal  excitement,  will  be  accompanied  by  a  corre- 
iing  depression  of  the  respiratory  function.  Nay, 
the  concentration  of  the  mind  on  any  subject  will 
ice  this.  Every  one  knows  the  state  of  "  breath- 
ittention."  Whenever  the  mind  is  preoccupied  by 
Perful  impression  of  some  duration,  the  breathing 

^80  feeble  that  from  time  to  time  we  are  forced 
nsate  this  diminished  activity  "by  a  deep  inspir- 
' '  This  is  the  rationale  of  sighing,  an  action  eom- 
Y  attributed  only  to  grief,  but  which  is  the  accom- 
iient  of  all  mental  preoccupation.  The  philoso- 
brooding  over  his  problem,  will  be  heard  sighing 
time  to  time,  almost  as  deeply  as  the  maiden 
ling  over  her  forlorn  condition.  All  men  sigh 
their  work,  when  their  work  deeply  engages  them  ; 
hey  do  not  remark  it  because  the  work,  and  not 
feelings,  engages  their  attention,  whereas  during 
it  is  their  feeUngs  which  occupy  them. 
is  an  interesting  fact,  and  one  which  throws  light 
le  intimate  connection  between  respiration  and 
activity,  that  a  very  considerable  increase  in  the 
iction  of  carbonic  acid  swiftly  follows  after  eating, 
i^uently  an  enormous  reduction  in  the  amount  is 
.  to  accompany  starvation.  The  fact  was  estab- 
l  by  Spallanzani,  and  has  been  repeatedly  con- 
1  Boussingault  found  that  pigeons,  when  fasting, 
ot  produce  half  the  amount  which  they  produced 
well  fed.  Spallanzani  suggests  that  the  food 
g  digestion  gives  off  carbonic  acid,  and  this  pass- 


ing  into  the  blood,  is  exlialed  in  zespintia— i  ^ 
gesdon  which  teodves  additional  forc«  baa  ibll 
that  vegetable  food  omfonQly  produces  mxe  (bU 
acid  in  respiradDn  than  ammal  food.  Bat  ^  i 
scarcely  account  for  the  whole  of  the  incraa^  ail 
are  led  to  seek  for  the  other  cause  in  the  gRMSI 
tivitjr  of  the  DutritiTe  processes  :  tlie  Ewth^  nji 
has  a  depressed  vitality. 

Temperature  has  condderable  influ^ice  on  sf 
ation.  The  fact  has  been  ascertained  by  eqoiM 
but  it  might  have  been  deductively  established  ■  Sr' 
influence  of  temperature  on  the  vital  activitiee  isw 
known,  and  whatever  influences  them  most  aflecti 
piration.  It  is  only  by  the  aid  of  such  an  ozinl 
we  can  find  our  way  amid  the  apparent  contradictiiP 
thia  subject.  The  remarkable  dlfierence  noticed  beM 
the  capabilities  of  warm  and  cold  blooded  animili 
breathing  vitiated  air,  is  not  less  than  the  difl^esN 
the  effect  of  temperature  on  these  two  classes.  W« 
member  our  astonishment  on  learning  from  SpaQasi 
that  increase  in  the  temperature  brings  with  it  ant 
form  increase  in  the  amount  of  oxygen  absorbed 
molluscs  and  reptUes;  it  was  a  statement  in  direct  c 
tradiction  to  the  weil-established  fact  in  human  ph 
ology,  that  more  oxygen  was  absorbed  in  cold  thai 
hot  weather.  Our  di£Bcn]ty  was  lightened  howe 
when  wc  learned  that  Spallanzani's  statement  is  c 
true  of  cold-blooded  animals,  and  true  of  them  ( 
within  certain  limits :  too  great  a  heat  ceases  to 
crease  the  amount,  and  gradually  diminishes  it  asi 
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tn-blooded  animals.  What  are  these  limits,  and  why 
his  cessation  of  increase  f  Tlie  limits  are  these  :  take 
1  frog  and  place  it  in  an  atmosphere  a  little  above  the 
reezing-point ;  as  the  temperature  rises  from  36°  to 
to"  Fahrenheit,  the  amount  of  oxygen  absorbed  uni- 
jonnly  increases  ;  it  remains  nearly  stationaiy  from  45° 
0  67°;  at  58°  it  begins  to  decrease,  and  this  decrease 
iontinues  till  104°  is  reached,  and  then  the  frog  perishes. 
Che  reason  is  very  simple  :  a  certain  amount  of  heat 
Mimulatea  all  the  vital  functions  of  the  frog,  and  con- 
sequently increases  its  need  for  oxygen  ;  when  the  heat 
becomes  too  great  it  ceases  to  be  a  stimulant,  and  de- 
presses the  functional  activity,  till  at  length  a  point  is 
iteached  when  the  organism  can  no  longer  exist. 

On  warm-blooded  animals  the  effect  of  temperature 
Ts  apparently  different,  but  really  the  same.  Every 
increase  of  heat  is  found  to  diminish  their  respiration, 
every  increase  of  cold  to  augment  it.  Thus  it  is  ascer- 
tained that  the  smaller  mammals,  at  a  temperature  of 

'°  to  104°  Fahr,,  consume  only  half  the  quantity  they 
consumed  at  frcezing-point.  Various  experiments  on. 
a  have  elicited  the  general  fact,  that  under  the  influ- 
ence of  a  moderately  cold  atmosphere  the  respiration  is 
sed  by  one-sisth  more  than  in  a  moderately  warm 
atmosphere.  Precisely  as  too  intense  a  degree  of  heat 
diminishes  the  respiration  of  the  frog,  by  enfeebling  its 
vital  activity,  does  too  intense  a  degree  of  cold  diminish 
the  respiration  of  a  warm-blooded  animal  by  enfeebling 
its  vital  activity.  There  are  certain  limits  of  tempera^ 
ture  within  which  every  increase  of  heat  raises  the  res- 


piration  of  the  frog,  because  the  increase  r^as 
activity ;  and  there  aie  certain  limits  within 
every  decrease  of  heat  raises  the  respiration  of  thei 
because  the  decrease  raises  his  ^-ital  activitj 
these  limits  be  overstepped,  the  stimulant  is 
into  a  debilitant. 

We  see  this  very  curiously  illustrated  by  flie ' 
Dating  animals,  such  as  tlie  dormouse, 
hedgehog.     They  occupy,  in  this  respect,  an 
diate  position  between  the  cold-blooded  and 
blooded  animals ;  for  although  they  are  really 
blooded  animals,  the  effect  of  temperature  on 
closely  allied  to  that  produced  on    the   cold- 
With  every  faU,  of  external  temperature  their 
ation  diminishes.     Unlike  the  i-est   of  warm-t 
animals,  their  orgaidsm  seems  to  have  little  pomi 
resisting  the  changes  of  external  temperature ; 
cannot  produce  hea.t  with  sufGcient  rapidity  to 
balance  the  loss  they  sustain  from  the  surface  of 
bodies  when  the  air  is  cold.     Instead  of  acting  on 
as  a  stimulus,  which  would  aecelerate  thi 
process,  cold  acts  on  them  with  a  depressing  infli 
which  gradually  reduces  their  respiration  almost  to : 
But  no  sooner  have  they  passed  into  this  wintei 
and  their  organic  activity  has  become  very  feeble, 
we  can  at  pleasure  reawaken  it  to  any  degree  by 
the  surrounding  temperature ;  and  as  the  vital  actiri(j| 
once  more  begins  to  manifest  itself,  the  respirstia 
(which  is  only  one  foim  of  vital  activity)  likewise  be 
comes  manifest. 
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^^Brfiy  do  we  breathe  ?    The  foregoing  pages  have 

^^m  some  answer  to  the  question,  How  do  we  breathe  ? 

^t  have  not  hinted  at  the  why  ;  yet  after  reading  about 

l^e  respiratory  process,  a  natural  curiosity  prompts  the 

jquiry  as  to  its  cause.     Unhappily  nothing  but  es- 

.■emely  vague  answers  can  be  given.     We  know  that 

|Ae  chest  expands  and  contracts  with  beautiful  rhythm, 

'  id,  mostly,  as  an  involuntaiy,  automatic  process.     We 

low  that  our  attention  is  not  required,  that  no  effort 

needed,  and  indeed  that  no  effort  of  ours  can  prevent 

B  regular  alternation  of  inspiration  and  expiration. 

"e  can  by  an  effort  accelerate  or  retard  these  motions, 

.t  we  cannot  prevent  them.     The  process,  then,  clearly 

pends  on  a  stimulus  given  to  the  involuntary  part  of 

le  nervous  system  ;  it  is  called  into  action  by  nervous 

imolua,  and  physiologists  have  vainly  endeavoured  to 

scover  the  nervous  apparatus  which  is  involved,  and 

le  rationale  of  its  action.     The  pressure  of  carbonic 

'acid  in  the  air-cells,  or  of  venous  blood  in  the  capil- 

'laries,  may  act  as  a  stimulus  to  the  pnenmogastric  nerve ; 

"but  what  is  the  rationale  of  making  a  new-bom  child 

<iraw  breath,  by  whipping  its  back  and  continuation  ? 

'  Generally,  the  stimulus  of  the  cold  air  on  the  child's 

-face  suffices  to  make  it  draw  breath,  which  it  expires 

lin  in  a  well-known  cry,  to  mothers'  ears  most  rausi- 

;   but  this  stimulus  is  often  insufficient,  and  the 

loctor  or  nurse  initiates  the  little  stranger  into  that  ex- 

erience  of  "  estemal  local  apphcations  "  which,  in 

iter  years,  will  also  be  freely  used  as  a  stimulus  to 

virtue  or  learning.     The  fact  we  know ;  but  why  such 
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of  moraing,  bring  with   them  perpeQutll 
fallings  of  the  temperature  of  that  r 
these  risiuga  aud  fallings  there  are  ci 
tnationa  in  the  teaiperature  of  the  giasmli 
the  tank,  the  brass  and  woodwork  of  ihea 
ia  aecortluig  to  the  law  by  which  an  eqnihlaii 
peralure  is  always  established  among  ii 
The  warmer  atmosphere  rapidly  warms  the  ^ 
water — the  cooler  atmosphere  rapidly  CDoli  ll 
is  true  that  the  water  will  always  he  s 
than  the  atmosphere,  because  it  loses  hefitia 
tion,  but  nevertheless,  as  the  external  tempa 
and  falls,  that  of  the  water  also  rises  and  falls.  1 
While  these  changes,  so  familiar  and  so  effijl 
planation,  have  been  taking  place,  the  bird  lul 
neither  colder  nor  warmer  ;  throughout  tl 
of  external  temperature  it  has  pi-eservedaJ 
formly  the  very  high  degree  of  warmth  whicli,ul 
belongs  to  it,     JTeither  the  beams  of  a 
nor  the  nipping  east  wind  of  December,  hayeil 
lowered  its  normal  heat  at  any  time  more  than  I 
two  degrees.     Yon  may  perhaps  imagine  that* 
been  kept  warm  through  the  winter  by  its  enii 
feathers,  but  this  is  true  only  to  a  veiy  slight  eitentjil 
it  of  its  feathers,  and  you  will  atill  find  its  heat  g 
above  that  of  the  air ;  whereas,  if  a  heated  sub* 
be  enveloped  in  feathers,  and  left  exposed  to  ti 
will  soon  become  aa  cold  as  the  air.     Diiven  fi 
explanation,  you  will  ask.  How  is  it  t^afc  thtfl 
enabled  to  preserve  a  steady  temperature  < 
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BiTnid  unsteady  influences  from  without  ?  The 
Ibb  obviously  to  be  sought  in  the  organism  and 
■Meea,  not  in  any  external  influence  ;  and  a  eer- 
Biloaophy,  somewhat  rash  and  ready,  fond  of 
■  and  impatient  of  proof,  will  assure  you  that 
p,  as  an  organised  body,  is  absolved  from  the 
equilibrium  which  rules  all  inorganic  bodies,  be- 
Bhe  bird  is  endowed  with  a  "  vital  principle 
feaspends  the  action  of  physical  laws." 
1. explanation,  which  to  many  has  seemed  eatis- 
r,  labours  under  two  disadvantages — first,  that  it 
H  the  operation  of  a  "  vital  principle,"  of  which 
I  form  no  definite  conception  ;  and  secondly,  that 
Inined  suspension  of  physical  lavrs  is  a  pure  fig- 
I  The  organism,  living  or  dead,  radiat«s  heat  with 
Facility ;  but  when  living,  it  produces  heat  to 
|psate  the  loss ;  and  when  dead,  it  no  longer  pro- 
ilieat,  so  that  it  speedily  becomes  as  cold  as  the 
\b1  air.  The  processes  of  Life  do  not  "  suspend" 
Ration  of  physical  laws,  although,  by  the  intro- 
ia  of  more  complex  conditions,  they  bring  about 
t  which,  superficially  considered,  look  like  a  sns- 
Bi  of  those  laws.  A  close  analysis  always  detects 
(ysical  laws.  No  one  thinks  of  attributing  to  a 
iamp,  when  hghted  under  a  vessel  of  water,  the 
I  of  suspending  the  equilibrium  of  temperature, 
K  it  keeps  the  water  boihng,  in  spite  of  the  con- 
loss  of  heat  by  evaporation.  Without  tlie  lamp, 
jiling  water  would  speedily  cool  below  the  t«m- 
|ie  of  the  air ;  with  the  lamp,  it  may  be  kept 
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bials,  as  they  are  called,  have  any  vital  principle  at 

In  vain  wUl  a  refuge  be  sought  in  the  greater 

ling  agency  of  water  over  that  of  air  ;  for  although 

lething  must  be  allowed  for  this,  we  cannot  by  it 

Bnnt  for  the  enormoua  disproportion  between  the 

iperature  of  the  tish  and  the  bird ;  and  for  these 

ions :  The  Eonito,  equally  subject  to  this  cooUiig 

ley  of  water,  preserves  a  constant  temperature  of 

above  the  sea ;  and  tho  temperature  of  the  Nar- 

1  is  nearly  that  of  man — namely,  96°  Fahrenheit. 

reover,  while  some  marine  animals  ai-e  thus  inde- 

dent  of  the  temperature  of  water,  serpents,  lizards, 

frogs  are  dependent  on  the  temperature  of  the  air. 

Before  entering  further  into  this  subject,  it  will  be 

1  tn  glance  at  the  instruments  by  which  physiologists 

aaure  the  delicate  differences   in  amount  of  heat 

ich  different  animals  and  plants  produca    Of  the 

Rrious  thermometei-s  we  need  say  nothing.    But  there 

:Te    thermo  -  electrical  Pig-,  27, 

nstrumentswhich  need         «iRia95"A,j^ 

xplanation.      Fig.  27 

■epresents  a   thermo  •  ^1 

;lecttic    couple.      Its 

ionstruction  rests  on  the  fact  that  two  metals  1 
lered  together  develop  electric  currents  when  their 
oldera  are  maintained  at  different  temperatures.  Two 
>ars  of  copper  (c,  c)  are  soldered  to  a  bar  of  iron  (f), 
LTid  their  two  extremities  (m,  n)  are  in  contact  witli 
;lie  wires  of  the  galvanometer  (g)  ;  so  long  as  the  sol- 
lera  (b,  b*)  remain  at  the  same  temperature  no  electric 
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.  ngue,  to  prove  that  the  temperature  of  the  mouth 
aot  vary.    The  direction  of  the  needle  indicates  in 

Fig.  29. 


ch  part  there  is  an  excess  of  heat ;  and  this  is  after- 
is  calculated. 

jiother  application  of  the  same  principle  is  that  of 

rochet's  needles  with  latero-terminal  solder  (Fig. 

An  iron  needle  (f),  bent  at  both  ends,  is  soldered 

Fig.  30. 


hese  bent  ends  to  two  copper  needles  (c,  c).    With 
instrument  he  compared  the  temperature  of  a 
ig  and  a  dead  insect,  as  represented  in  Fig.  31. 
ach  insect  was  fixed  on  a  stick,  d  d,  planted  in  the 
h  of  a  flower-pot  a.    The  needles  were  then  thrust 
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3,  to  prove  that  the  temperature  of  the  mouth 
«rary.    The  direction  of  the  needle  indicates  in 

Fig.  29. 


part  there  is  an  excess  of  heat ;  and  this  is  after- 
calculated. 

bher  application  of  the  same  principle  is  that  of 
het's  needles  with  latero-terminal  solder  (Fig. 
\ji  iron  needle  (p),  bent  at  both  ends,  is  soldered 

Fig.  30. 
c 


je  bent  ends  to  two  copper  needles  (c,  c).    With 
istrument  he  compared  the  temperature  of  a 
and  a  dead  insect,  as  represented  in  Fig.  31. 
I  insect  was  fixed  on  a  stick,  d  d,  planted  in  the 
if  a  flower-pot  a.    The  needles  were  then  thrust 
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current  passes;  aud  the  magnetic  needle  of  the  gati 
vanometer  remains  motionless.  But  the  instant  one| 
of  these  solders  is  heated,  the  needle  moves.  It  is 
this  principle  that  Beequerel  invented  his  tfiermo-elea-M 
trie  needles    with  median    soHei'   (Tig.    2S).     Eadl 

F.g.  2?. 


needle  is  composed  of  a  copper  and  an  iron  half  al 
equal  length  and  thickness,  soldered  end  to  end.    All 
one  extremity  each  iron  half  (f)  is  united  to  the  otlMJB 
by  an  iron  wire,  long  enough  to  permit  of  their  b 
kept  at  some  distance  apart;  at  the  other  extr 
each  copper  half  (c)  is  fixed  to  the  wires  of  the  s 
vanonieter. 

With  such  an  instrument  we  are  enabled  to  pena 
trate,  without  disturbance,  into  the   interior   of  t 
animal  tissues,  and  accomplish  what  no  thermometa 
couH  attempt.     We  can  test  by  it  the  temperature  rf  I 
a  muscle,  or  of  the  blood  in  an  artery,  without  troJ 
biing  the  circulation.    For  instance,  let  ns  desire  ( 
know  the  temperature  of  the  muscles  of  the  aim,  I 
rest  and  in  contraction.     Fig.  29  will  show  the  c 
of  procedure.     One  needle  is  passed  through  the  n 
cles ;  the  other  is  placed  in  the  mouth.     The  pati< 
breathes  only  by  the  nostrUs  during  the  esperimenlJ 
and  all  the  time  a  small  thermometer  is  placed  i 
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his  tongue,  to  prove  that  the  temperature  of  the  mouth 
does  not  vary.    The  directioa  of  the  needle  indicates  in 


which  part  there  is  an  excess  of  heat ;  and  tliis  is  after- 
wards c^cnlated. 

Another  application  of  the  same  principle  is  that  of 
Dutrochefs  needles  with  latero-terminal  solder  (Fig. 
30),    An  iron  needle  (f),  bent  at  both  ends,  is  soldered 
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by  these  bent  ends  to  two  copper  needles  (c,  c).  With 
this  instrument  he  compared  the  temperature  of  a 
living  and  a  dead  insect,  as  represented  in  Fig.  31. 

Each  insect  was  fixed  on  a  stick,  d  d,  planted  in  the 
earth  of  a  flower-pot  a.    The  needles  were  then  thrnst 


iiito  corresponding  parts  of  the  living  and  dead  insect  I 
Fig.  31.  and  being  in  communicatUD  I 

witli  the  galvanometer  b 
wires  M  N,   the  deviation  i 
the   galvanometer  , 
measure  of   the   teinperal 
possessed  by  the  living  ii 
The  same  iiistruiaent  s 
to  measure  the  heat  o: 
Fig,  32.     An  a-sparag 
freshly   cut    and    pk 
water  to  keep   it  al 
?  other  asparagus,  6, 
and  the  two  are  then  t£ 
as  the  living  and  deadii 
were  tested. 

There  aiu    other   metha 
lumecesaary  to  mention  b 
The   result  which   has  I 
arrived  at  is  that  every  I 
ing  organiam  has  within  it3 
source  of  self- siipply ing  h 
The   amount     of    heat  t 
supplied  will  depend  on  tbt  I 
amount  and  nature   of  At  | 
chemical  changes  which  b 
place  within    the   otj 
Even  in  the  microscopic  animalcules  such  a  suj 
ists.    We  might  assume  this  a  priori,  but  we  can  e 


ish  it  experimentally :  if  water  be  gradually  frozeu 

tuder  the  microscope,  it  will  be  seen  that  the  1 

(drops  which  solidify  are  those   which  smromid  the 

animalcules,    and    have  been  kept    liquid  by  their 

H  Organic  beings  are  thus  distinguishable  &om  the 
Rorgacic  in  possessing,  as  a  necessary  consequence  of 
'their  vita!  activity,  a  self-supplying  source  of  heat ;  and 
organic  beings  are  distinguishable  among  each  other 
"by  the  rapidity  with  which  this  heat  is  supplied,  and 
the  facUity  with  which  it  is  radiated  ;  and  not,  as  the 
current  classification  implies,  into  animals  with  warm 
"blood,  animals  with  cold  blood,  and  piants  with  no  heat 
at  all.  There  are  no  animals  with  cold  blood,  and  all 
plants  produce  heat.  But  plants,  except  during  their 
periods  of  germination  and  flowering,  when  Ihey  are 
sensibly  warmer  than  the  air,  produce  heat  so  slowly, 
and  part  with  it  so  easily,  that  their  temperature  always 
follows  that  of  the  medium  in  vehich  they  live ;  and 
the  so-called  "cold-blooded  animals"  produce  heat  ao 
slowly  that  they  are  never  more  than  two  or  three  de- 
grees above  the  medium,  and  sometimes  even  below  it, 
owing  to  the  rapidity  of  evaporation  from  their  sur- 
faces. Insects — bees,  for  instance — produce  heat  with 
a  rapidity  equal  to  that  of  birds  ;  but  they  part  with 
it  so  rapidly  that  their  temperature  is  little  above  that 
of  the  air.  When  bees  ai'e  collected  together  in  the 
hive,  the  heat  they  radiate  is  foun  d  to  be  very  great 
Many  writers  object  to  the  old  distinction  of  warm 
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and  cold  blooded  animals  as  unphysiological,  sudd 
gest   that  the  distiuction  should  be,   that  the  w 
blooded  are  independent  of,  and  the  cold-blooded  a 
pendent  on,  the  external  temperatiire  :  the  one  d 
preserving  its  normal  heat  under  all  variations  A 
external  medium,  and  the  other  class  growing  m 
and  colder  aa  the  external  medium  rises  and  faUa  J 
against  this  distinction  we  would  urge  three  argu 
First,— Both  classes  of  animals  are  dependent  d 
external  temperature,  and  both  are  independently 
they  are  dependent,  because  it  accelerates  or  n 
their  vital   activities  by  which    their    own  1 
evolved  ;  they  are  independent,  because  whatereiJ 
be  the  amount  of  external  heat  or  cold,  their  owam 
perature,  being  really  evolved  in  their  vital  proi 
is    always    restrained  within   certain    limits,  i 
almost  always  somewhat  above  that   of  the  e 
medium,*  until  a  limit  is  reached,  and  then,  if  ti 
temal  temperature  continue  to  increase,  they  p 
their  heat  falls  below  that  of  the  mediuni. 

Secondly, — ^The  young  of  many  warm-bloodeij 
mals  are  as  much  dependent  on  external   tempc 
as  frogs  and  fish  ;  and  even  the  adult  animals  d 
hybemating  class  are  in  this  category :  uo  soonc 
the  external  temperature  fall,  than  tlieir  heat  m 
this  depression  continues  till  they  are  only  f 
grees  warmer  than  the  air. 

*  I  onoo  found  tho  tampcratura  of  &  "  cold-blooded  " 
in  the  moutb,  when  the  air  traa  at  Hi',    A  list  of  obse 
tempenttuTB  of  the  cold-blooded  animaU  will  be  found  in  GitJ 
Dt  la  Cio/cur  prodvili  par  lei  llrtt  viiantt,  p.  1 2! 


I  Thirdly,  —  While   the  foregoing    arguments  have 
pown  that  the  distinction  is  not  tenable  in  the  pre- 
e  of  facts,  we  would  further  remark  that,  granting 
B  distinction  to  be  valid,  the  cause  would  still  have 
\  be  sought,  and  we  should  ask,  why  one  class  of 
als  was  independent  and  another  dependent  on  the 
Eternal  temperature  ?    In  fixing  attention  on  the  phy- 
riological  differences  of  rapid  supply  and  rapid  radia- 
tion, as  the  real  ground  of  distinction,  we  avoid  the 
ibjectious  just  brought  forward  ;   at  the  same  time, 
tqtiiry  into  the  cause  of  anima.1  heat  is  disengaged 
pom  many  a  perplexing  digression. 
f  The   maryellous  balance  between  supply  and  loss 
bibited  by  the  human  organisna,  and  indeed  by  that 
f  most  warm-biooded  animals,  may  fae  best  seen  in  the 
following  facts.     Our  temperature  is  98°,  and  this  is 
-fche  standard,  no  matter  what  may  be  the  external  heat, 
Tti  the  tropics,  the  thermometer  during  several  hours 
fthe  day  is  110°,     In  British  India  it  is  sometimesas 
igh  as  130°.     In  the  arctic  zones  it  has  been  observed 
f  onr  voyagers  as  low  as  90°,  and  even,  102°,  below 
iezing  -  point.      Nevertheless,  amid  such  extensive 
xiations  of  the  external   temperature,   that  of  the 
luman  organism  has  but  slightly  varied,  and  a  ther- 
mometer placed  under  the  tongue  of  an  arctic  voyager 
will  show  the  same  degree  of  heat  as  one  under  the 
tongue  of  a  soldier  before  the  walls  of  Delhi    Through- 
lot  the  scale  of  200°  which  repi-esents  the  variations  of 
mate  borne  by  our  voyagers  and  soldiers,  the  average 
lemperature  of  the  human  organism  remains  steady  at 
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98°.  We  say  average,  because  the  same  nan  iii 
always  at  the  same  degree  ;  bis  temperature  raria 
different  seasons,  different  hours,  and  under  diAt 
conditions ;  and  of  course  different  men  vary  an 
themselves,  Dr  Livingstone  remarks,  "If  my  op 
ments  are  correct,  the  blood  of  an  European  is  li^ 
than  that  of  an  African,  The  bulb  of  the  tbermo 
ter  held  under  my  tongue  stood  at  1 00° ;  under  im 
the  natives,  at  9S°."  *  This  was  most  likely 
more  than  an  individual  difference ;  but  the  pwiil 
worth  investigating. 

It  is  the  opinion  of  M.  Gavarret,  who  has  earned 
right  to  speak  with  authority  on  this  subject,  thaif 
ju  our  moderate  climates  the  temperature  of  the  J 
man  will  oscillate  as  much  as  a  degree, 
36°.50  and  37°.50  centigrade.t 

Although  the  organism  can  eudure  a  heat  gnJ 
than  its  own,  yet  this  would  soon  be  fatal  if  cODtJBl 
For  a  short  period  the  excess  of  temperature  aai 
resisted  ;  and  it  is  astonishing  what  a  power  of  K«l 
ancewe  possess,  Chabert,  the  once  celebrated  "ft 
King,"  who  used  to  exhibit  in  public,  amazed  his  ill 
ence  by  entering  an  oven,  the  heat  of  which  was  ttt 
400°  to  600° ;  and  although  we  have  no  details  m 
his  0K*n  temperature  when  subject  to  that  heat,  wbBI 
be  sure  that  It  could  not  have  risen  many  deirrees^ 

*  LiviNaaTONE'a  TraaeU  iw  Soti&  Africa,  p.  50D. 

+  Gavarret;  Dt  ia  Chaleur  prodtiUe par  la  Strti  iritianti,  IB^I 
100.  Thia  work  i«  a  parioot  encyclopaditt  o£  iDforTOati(m  onte^ 
jort  of  Anima]  Hoat.     It  is  from  it  wo  havn  borrowed  tlie  figrn*  |i« 
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^  otherwise  Iiq  would  have  perished  ;  for  the  experi- 
Bts  of  Berger  and  Delaroehe"  prove  that,  when  the 
fcperature  of  animaU  is  raised  11°  or  13"  above  the 
Rial  standard,  they  perish.  Workers  in  iron-found- 
j!»  and  gasworks  are  constantly  obliged  to  remain  for 
ime  time  in  air  which  is  as  high  as  250°,  yet  their 
-  im  temperature  remains  tolerably  unifonn.  A  dog 
"infined  in  a  lieated  chamber  at  220°-236''.  in  which 
■j  remained  half  an  hour,  was  found  to  have  gained 

{7° ;  aod  while  the  external  temperature  stood  aa 
as  236^  hia  own  stood  only  at  108^ 
thus  appears  that  warm-blooded  animals,  besides 
central  source  of  heat,  which  keeps  up  their  tem- 
^rature  in  spite  of  external  cold,  have  also  a  cooling 
pparatus  by  which  their  standard  of  heat  is  preserved 
'^i  spite  of  excessive  heat  outside.  What  is  this  pro- 
■B3,  which  prevents  the  equilibrium  of  heat,  and  can 
*2ep  the  animal  temperature  more  tliau  one  hundred 
■'Tid  fifty  degrees  helow  that  of  the  atmosphere?  We 
Sai  easily  understand  why  a  kettle  of  water  can  be  kept 
-z  boiling-point  in  a  cold  atmosphere,  so  long  as  a  flame 
'  underneath  it ;  but  how  can  that  water  be  kept  coM 
i^'lien  the  temperature  of  the  air  is  many  degrees  above 
'fc>iling-point  ?  A  man  whose  temperature  is  93°  in  an 
tmosphere  of  60°,  suddenly  steps  into  an  atmosphere 
T  200°,  and  yet  his  own  warmth  is  scarcely  elevated. 
'lie  ordinary  explanation  of  this  surprising  fact  is,  that 
ac  evaporation  and  exhalation  of  vapour  and  water 

BQuotod  hyW.   Edwards,  De  tlnjtuencides  Ageiii  Piyiiquti  ttir 
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from  the  surface  are  so  accelerated  by  the  una 
heat   that  they  sufliee  to  keep  the  man  a  tempwl 
from  viBtng     Let  us  look  more  closely  into  this, 
\11  over  the  =!urf  lee  of  our  bodies  there  are  scs 
T     i.  mdhonsof  ininuteonficeswkti^ 

~^  into   the  delicate    convolnted  tl 

lying  underneath  the  skin  tnil 
called  by  anatomists  su  ionpif 
glands  (Fig  33)  Each  of 
tubes  when  straightened  im 
about  a  quarter  of  an  inch  id 
according  to  Erasmus  Wilson 
Bgures  we  follow  there  are  33 
these  tubes  on  every  square  ini 
the  palm  of  the  hand  there 
no  leaa  than  SS2  inches  of  tubiDf 
?uch  a  square  mch.  In  gome  J 
of  the  bodv  the  number  of  tnte 
c\en  greater  m  most  parts  > 
less  Ensmus  Wilson  estimatifl 
there  are  2S00  on  every  squaw  8 
on  the  average  and  as  tie  B 
a  s  the  n  lo  or  hutoI  cr  of  sucb  mches  is  2oOO,( 
"hefleper  ayara'^Brk  aiHioat  the  astoiindmg  result 41 
mwrn  6*1™  the  pi   Spread  over  the  surface  of  the  l^ 

^''S.t-'''^'ina''ciinf  *'^^^^  ^^  °°*'  ^^^^  '^^^  ««enM 
foQj.  globules.  ^i^gs  of  tubing   by  means  of  W 

hquid   may  be  secreted    and  given  off  as  vapcei 

insensible  perspiration    or  as  water  in  senj3iit 

spiration     In  the  ordmarj  circumstances  of  daijfl 


amount  of  fluid  which  is  thus  given  off  from  the 
.  (and  lungs)  during  the  twenty-four  hours,  variea 

I  If  lb.  to  5  lb. ;  under  extraordinary  circum- 
the  amount  wiU  of  course  rise  enormously. 
Southwood  Smith  found  that  the  workmen  in  the 
fforks  employed  in  making  up  the  firea,  and  other 
ipationa  which  subjected  thera  to  great  heat,  lost 

a  average  3  ^6.  6  os-  in  forty-five  minutea  ;  and 

1  working  for  seventy  minutes  in  an  unusually 
place,  their  loss  was  5  lb.  2  oz.,  and  4  lb.  l-i  oz. 

latever  stimulates  the  circulation  of  the  blood 
he  surface,  will  necessarily  increase  the  action  of 
sweat-glands.  A  warm  atmosphere  or  a  warm 
liately  causes  the  surface-circulation  to  be 
eased.  Muscular  exertion  does  the  same.  That 
ordinary  amount  of  evaporation  and  exhalation 
be  greatly  raised  on  our  entrance  into  an  atmos- 

2  of  200°  is  very  certain ;  but  the  question  is, 
ather  this  amount  is  sufficient  of  itself  to  account 
the  enormous  diflerence  between  the  temperature 

the  animal  and  that  of  the  atmosphere  ?  We  must 
lember  that  not  only  is  man's  temperature  more 
'  lower  than  iron  or  wood  iu  such  an  at- 
ephere,  but  it  is  this  amount  lower  in  spite  of 

incessant  production  of  heat  taking  place  in  Ma 
n  organism,  by  the  chemical  chaiigea  on  which  vital- 

depends — a  production  of  heat  which  will  suffice 

(reserve  hia  temperature  at  the  same  height,  if,  on 
tting  this  atmosphere  of  200°,  he  plunges  into  a 

v-bath.    For  a  short  period  a  man   can  eater  a 
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furnace  the  floor  of  -which  is  red-hot,  ^| 
350°,  yet  his  own  heat  will  n 
fifty  degrees  below  this  ;  and  we  cannot  s^ 
in  this  brief  period,  he  has  lost  enough  batfl 
ration  to  prevent  hia  own  temperatnre  li 
then,  i3   the  cause !     We   most  confess  "j 
answer  this  question.     For  sonoe  t 
explanation  might  be  gained  from  the  loit-J 
power  of  the  animal  envelope,  which  i 
the  external  temperatnre  from  gaining  u 
mternal  organs.     Wrap  a  jng  of  ice  in  di 
ice  will  not  melt,  even  in  a  very  warm  p 
considerable  time  hai<  elapsed.     It  is  on  tUij| 
that,  in  China,  they  bake  ices.     An  ice  is  a 
a  crust  of  dehcate  pastry,   and  introdotti^ 
oven.     The  paste  is  quickly  baked,  and  tk  9 
nnmelted,  having  been  protected  from  the  h 
envelope ;   and  thus  the  epicure  has  the  i 
biting  through  a  burning  crust,  and  then  b 
coohug  hia  palate   with  the  grateful  contei 
although  the  envelope  of  the  warm-blooded  fl 
unquestionably  a  bad  conductor,  and  wovH  • 
suffice  to  account  for  the  animal's  not  a 
during  a  brief  e:sposure  to  high  temperatai^ii 
planation  fails  when  confronted  with  e 
show  that,  during  a  longer  exposure,  the  U 
ha3  been  still  at  Its  old  limit.     The  foUowiud 
ment  by  Berger  and  Delaroche  is  very  insb 
They  introduced  into  a  furnace  at  laC'-l^flTi 
vase,  containing  two  wet  sponges  and  a  ft 
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e  of  the  sponges  and  the  rase  had  been  pre- 
i  to  lOr-lOo" ;  that  of  the  frog  was  70°. 
close  of  the  first  fifteen  minutes,  the  vase,  the 
i,  and  the  frog  had  ahnost  an  uniform  tempera- 
t  did  not  exceed  that  of  warm-blooded  ani- 
1  this  was  maintained  pretty  constant  dui'- 
It  is  remarkable  that,  to  reach  this 
[,  the  vase  and  the  sponges  fell  in.  temperature 

I  degree  and  a  half,  whereas  the  frog  rose  as 
,s  twenty-nine  degrees  in  fifteen  minutes.  But 
jonges,  and  vase  maintained  themselves  from 
to  forty-five  degrees  below  the  external  tem- 
gl^namely,  at  the  temperature  of  warm-blooded 
k  Prom  this  it  would  seem  as  if  the  tempera- 
Inarm' blooded  animals  was  the  limit  wliich 
e  reached  by  orgajiic  bodies  coincideut  with  a 
aporation  of  water  from  their  surfaces.  The 
id  the  sponges  were  introduced  into  a  furnace 
nsiderahly  higher  than  themselves  in  tempera^ 
nd  this  excess  of  heat  caused  an  evaporation  of 
ater,  which  lowered  their  temperature  to  that 
vhere  the  rapidly-rising  temperature  of  the 
iting  frog  would  stop.    Now,  although  the  evar 

II  from  the  surface  of  the  frog  would  have  had 
ig  influence  from  the  first  minute  of  the  experi- 
et  we  see  that  this  cooling  influence  was  not 
lough  to  withstand  the  rapid  rise  of  the  animal's 
iture,  until  the  point  was  reached  at  wliich  the 
the  vase  and  sponges  had  ceased ;  and  this 
WA&  very  limit  which  we  find  uniformly  in  the 

t 


e  of  the  sponges  and  the  vase  had  been  pre- 

sed  to  10r-l()o° ;  that  of  the  frog  was  70°. 

e  of  the  first  fifteen  minutes,  the  vase,  the 

md  the  frog  had  almost  an  uniform  tempera- 

^  did  not  exceed  tliat  of  warmr-blooded  ani- 

l  this  was  maintained  pretty  constant  dur- 

^ours.     It  ia  remarkable  that,  to  reach  this 

she  vase  and  the  sponges /eK  in  temperature 

legree  and  a  half,  whereas  the  frog  rose  as 

ttwenty-nine  degrees  in  fifteen  minutes.     But 

tonges,  and  vase  maintained  themselves  from 

to  forty-five  degrees  below  the  external  tem- 

r namely,  at  the  temperature  of  warm-blooded 
From  this  it  would  seem  aa  if  the  tempera- 
arm-blooded  animals  was  the  limit  which 
B  reached  by  orgajiic  bodies  coincident  with  a 
iporatiou  of  water  from  their  suifaces.  The 
d  the  sponges  were  inti'oduced  into  a  furnace 
isida'ably  higher  than  themselves  in  tempera- 
iid  this  excess  of  heat  caused  an  evaporation  of 
iter,  which  lowered  their  tempei-atuie  to  that 
rhere  the  rapidly-rising  temperature  of  the 
ting  frog  would  stop.  Now,  although  the  eva- 
1  from  the  surface  of  the  frog  would  hare  had 
g  influence  from  the  first  minute  of  the  experi- 
et  we  see  that  this  cooling  influence  was  not 
lough  to  withstand  the  rapid  rise  of  the  animal's 
iture,  until  the  point  was  reached  at  which  the 
the  vase  and  sponges  bad  ceased ;  and  this 
the  very  limit  which  we  find  uniformly  in  the 
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ftimace  the  floor  of  which  is  red-IuRl) 
350°,  yet  his  own  heat  will  remain  ti 
fifty  degrees  below  this  ;  and  we  canndi 
in  this  brief  period,  he  has  lost  enon^H 
ration  to  prevent  hia  own  temperatnte  n 
then,  is  the  CAnae?  We  must  confall 
answer  this  question.  For  some  timenB 
explanation  miglit  be  gained  from  the  in 
power  of  the  animal  envelope,  wliieii  m 
the  esternal  temperatizre  from  gaininj  w 
internal  organs.  Wrap  a  jug  of  ice  in  fli 
ice  will  not  raelt,  even  in  a  very  warm  pi 
considerable  time  has  elapsed.  It  is  onfe 
that,  in  China,  they  bake  ices.  An  ii 
a  cniat  of  delicate  pastry,  and  introdmil 
oven.  The  paste  ia  quickly  baked,  and  \ki 
unmelted,  having  been  protected  from  the  1« 
envelope ;  and  thus  the  epicure  has  tlie  i 
biting  through  a  burning  crust,  and  then  in 
cooling  his  palate  with  the  grateful  conta 
although  the  envelope  of  the  warm-hlooded 
unquestionably  a  bad  conductor,  and  wouU 
suflice  to  account  for  the  animal's  not  getdi 
during  a  brief  exposure  to  high  temperatai 
planation  fails  when  confronted  with  experim 
show  that,  during  a  longer  exposure,  the  B 
has  been  still  at  its  old  limit.  The  follov 
ment  by  Berger  and  Delaroehe  ia  very  inil 
They  introduced  into  a  furnace  at  126''-14i 
vase,  containing  two  wet  sponges  and  a 
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^■p  of  the  sponges  and  the  vase  had  been  pre- 
^Eed  to  lOl^-lOo" ;  that  of  the  frog  was  70°. 
^■e  of  the  first  fifteen  minutes,  the  vase,  the 
^Btd  the  frog  had  almost  an  uniform  tempera- 
Hr  did  not  exceed  that  of  warm-blooded  ani- 
»jd  this  was  maintained  pi-etty  constant  dui- 
lioui'3.  It  is  remarkable  that,  to  reach  this 
,  the  vase  aud  the  sponges /eii  in  temperature 
degree  and  a  half,  whereas  the  frog  rose  as 
t  twenty-nine  degrees  in  fifteen  miuutfis.  But 
OEges,  and  vase  maintained  thenriselves  from 
to  forty-five  degrees  helow  the  external  tem- 
i — ^namely,  at  the  temperature  of  warm-blooded 
.  From  this  it  would  seem  as  if  the  tempera- 
warm-blooded  animals  was  the  limit  which 
e  reached  by  orgajiic  bodies  coincident  with  a 
aporation  of  water  from  their  surfaces.  Tlie 
id  the  sponges  were  introduced  into  a  furnace 
asiderably  higher  than  themselves  in  tempera- 
nd  this  excess  of  heat  caused  an  evaporation  of 
iter,  which  lowered  their  temperature  to  that 
irhere  the  rapidly-rising  temperature  of  the 
.ting  frog  would  stop.  Now,  although  the  eva- 
a.  from  the  surface  of  the  frog  would  have  had 
ig  influence  fram  the  first  minute  of  the  experi- 
■et  we  see  that  this  cooling  influence  was  not 
lough  to  withstand  the  rapid  rise  of  the  animal's 
tture,  until  the  point  was  reached  at  which  the 
the  vase  and  sponges  had  ceased ;  and  this 
;  the  very  limit  which  we  find  uniformly  in  the 
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fnrnace  the  floor  of  which  is  red-hot,  the  ^ 
350°,  yet  his  own  heat  will  remain  two  li 
fifty  degrees  below  this ;  and  we  cannot  s 
in  this  brief  period,  he  has  lost  enough  heati 
ration  to  prevent  hia  own  temperature  riimi|.l 
then,  is  the   cause  ?     We  must  confess  iBil| 
answer  this  tjuestion.     For  some  time  we  b 
explanation  might  be  gsdned  from  the  low-a 
power  of  the  animal  envelope,  which  woulj 
the  external  temperature  from  gaining  a 
internal  organs.     "Wrap  a  jug  of  ice  in  flan 
ice  will  not  melt,  even  in  a  veiy  warm  r 
considerable  time  has  elapsed.     It  is  on  tl 
that,  in  China,  they  bake  ices.     An  ice  is  el 
a  crust  of  dehcate  pastiy,  and  introduce 
oven.     The  paste  is  quickly  baked,  and  ths 
nnmelted,  having  been  protected  from  the  I 
envelope;   and  thus  the  epicure  has  the* 
biting  through  a  burning  crust,  and  then  iJ 
cooling  his  palate  with  the  grateful  ( 
although  the  envelope  of  the  warm-bloodedl 
unquestionably  a  had  conductor,  and  i 
sufiBce  to  account  for  the  animal's  not  getS 
during  a  brief  exposure  to  high  temperatiS 
planation  fails  when  confronted  with  experid 
show  that,  dming  a  longer  exposure,  the  4 
has  been  stiU  at  its  old  limit.     The  folloi 
ment  hy  Berger  and  Delaroche  is  very  ii 
They  introduced  into  a  furnace  at  l26°-ld 
vase,  containing  two  wet  sponges  and  »■ 
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perature  of  the  sponges  and  the  rase  had  been  pre- 
«aly  raised  to  101°-105° ;  that  of  the  frog  was  70°. 
Ihe  closo  of  the  first  fifteen  minutes,  the  vase,  the 
.^63,  and  the  frog  had  almost  an  uniform  tempera- 

which  did  not  exceed  that  of  wamMooded  ani- 
^ ;  and  this  was  maintained  pretty  constant  dui-- 
ftwo  hours.  It  ia  remarkahle  that,  to  reach  this 
3ard,  the  vase  and  the  sponges /e?i  in  temperature 
^  a  degree  and  a  half,  wherea.?  tlie  frog  rose  as 
X  as  twenty-nine  degrees  in  fifteen  minutes.     But 

sponges,  and  vase  maintained  themselves  from 
ty  to  forty-five  degrees  helow  the  external  tem- 
iiire — namely,  at  the  temperature  of  wana-blooded 
als.     From  this  it  woald  seem  as  if  the  tempera- 

of  warm-blooded  animals  was  the  limit  which 
I  be  reached  by  orgauic  bodies  coiucident  with  a 
evaporation  of  water  fi'om  their  surfaces.     The 

and  the  sponges  were  introduced  into  a  furnace 

considerably  higher  than  themselves  in  tempei'a- 
^  and  this  excess  of  beat  caused  an  evaporation  of 

water,  which  lowered  their  temperature  to  that 
•  where  the  rapidly-rising  temperature  of  the 
crating  frog  would  stop.  Now,  although  the  eva^ 
■  Son  from  the  surface  of  the  frog  would  have  had 
ling  influence  from  the  first  minute  of  the  experi- 
,  yet  we  see  that  this  cooling  influence  was  not 
.  enough  to  withstand  the  rapid  rise  of  the  a 
erature,  until  the  point  was  reached  at  which  the 
Df  the  vase  and  sponges  had  ceased ;  and  this 
z  is  the  very  limit  which  we  find  uniformly  in  the 
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furnace  the  floor  of  Trhich  is  red-hot,  the  air  1 
350°,  yet  his  own  heat  will  remflin  two  hundred  a 
fifty  degrees  below  this  ;  and  we  cannot  suppose  t 
in  this  brief  period,  he  has  lost  enongh  heat  by  evapj 
ration  to  prevent  his  own  temperature  rising. 
then,  is  the  cause  ?     We  must  confess  inability  I 
answer  this  question.     For  some  time  we  fancied  a 
explanation  might  be  gained  from  the  low-conduct 
power  of  the  animal  envelope,  which  would  preva 
the  external  temperature  from  gaining  acc' 
internal  organs.     Wrap  a  jug  of  ice  in  flannel,  and  the"! 
ice  will  not  melt,  even  in  a  very  warm  room,  until  a.  I 
considerable  time  has  elapsed.     It  is  on  this  principle  a 
that,  in  China,  they  hake  ices.    An  ice  ia  enveloped  ii 
a  crust  of  delicate  pastry,  and  introduced  into  thi 
oven.     The  paste  is  quickly  baked,  and  the  ice  is  staU'4 
unmelted,  having  been  protected  from  the  heat  by  its>l 
envelope ;   and  thus  the  epicure  has   the   delight  Q 
biting  through  a  burning  crust,  and  then  immediatd 
cooling  his  palate  with  the  grateful  contents, 
although  the  envelope  of  the  warm-blooded  animal  iq 
unqaestionably  a  bad  conductor,  and  would  thor 
suffice  to  account  for  the  animal's  not  getting  v 
daring  a  brief  exposure  to  high  temperature,  this  e»*J 
planation  fails  when  confronted  with  experiments  whi(&'.  I 
show  that,  during  a  longer  exposure,  the  temperatM»iH 
has  been  still  at  its  old  limit     The  following  expeii'<^ 
ment  by  Berger  and  Delaroche  is  very  instructive :-» 
They  introduced  into  a.  furnace  at  126''-li3''  a  poroo^ 
vase,  containing  two  wet  sponges  and  a  frog.     Thai.| 
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temperature  of  the  spocgea  and  the  vase  had  been  pre- 
yiously  raised  to  101''-105'' ;  that  of  the  frog  was  70°. 
At  the  dose  of  the  first  fifteen  minutes,  the  vase,  the 
eponges,  and  the  frog  had  almost  an  uniform  tempera- 
ture, which  did  not  exceed  that  of  'warmrblooded  ani- 
mals ;  and  this  was  maintained  pretty  constant  dur- 
ing two  hours.  It  is  remarkable  that,  to  reach  this 
standard,  the  vase  and  the  sponges /eii  in  temperature 
about  a  degree  and  a  half,  whereas  the  frog  rose  as 
much  as  tweuty-nine  degrees  in  fifteen  minutes.  But 
frog,  sponges,  and  vase  maintained  themselves  from 
twenty  to  forty-five  degrees  below  the  external  tem- 
perature— namely,  at  the  temperature  of  wanu-blooded 
animals.  From  this  it  would  seem  as  if  the  temperar 
ture  of  warm-blooded  aidmals  was  the  limit  which 
could  be  reached  by  organic  bodiea  coincident  with  a 
free  evaporation  of  water  from  their  surfaces.  The 
vase  and  the  sponges  were  introduced  into  a  furnace 
very  considerably  higher  than  themselves  in  tempera- 
ture ;  and  this  excess  of  heat  cuused  an  evaporation  of 
their  water,  which  lowered  their  temperature  to  that 
point  where  the  rapidly-rising  temperature  of  the 
evaporating  fr-og  would  stop.  JI^ow,  although  the  evar 
poration  from  the  surface  of  the  frog  would  have  had 
a  coolijig  influence  from  the  first  minute  of  the  experi- 
ment, yet  we  see  that  this  cooling  influence  was  not 
great  enough  to  withstand  the  rapid  rise  of  the  animal's 
temperature,  until  the  point  was  reached  at  which  the 
fall  of  the  vase  and  sponges  had  ceased ;  and  this 
point  is  the  very  limit  which  we  find  uniformly  in  the 


waTEQ-blooded  animala,  no  matter  whab  the   i 
temperature  may  be. 

The  temperature  of  man  is  constant :   neither  the  I 
fluctuations  of  the  seasons,  nor  the  differences  of  laU-*  1 
tnde,  bring  any  variation  ia  hia  standard.     No  fact  in  I 
science  ia  better  esta,bliahed  ;    but   we  must  guard  I 
against  a  misconceptionj  and  add,  that  when  this  tem 
perature  is  spoken  of  as  constant,  it  is  not  the  heat  4 
individual  parts,  nor  of  individual  men  at  every  hoM 
of  the  day  or  under  all  circnmstances,  it  is  the  avei'a 
temperature  of  the  internal   organs.     The  limits  i 
osdllation  are  narrow  indeed,  but  within  those  h 
the  oscillation  is  incessant.     I  found  that,  when  •( 
thermometer  is  used  which  marks  fraotions  of  a  deg 
so  small  as  one-tenth,  if  placed  in  the  mouth  of  a  n 
or  dog,  it  will  exhibit  an  incessant  oscillation  ;  and  i( 
is  well  known  that  very  obvious  variations  occur  at  I 
different  periods  of  the  day,  and  under  different  c 
cumstances.     Dr  John  Davy  found  that,  when  at  r 
in  a  temperature  of  37°,  his  own  temperature  fell  i 
low  as  96°.7 ;  in  a  room  at  92°,  he  found  the  heat  of  1 
workman  had  risen  to  100°.     Gierse  observed  1 
before  dinner,  his  temperature  under  the  tongue  t 
98°.78,  and  after  dinner,  99°.5. 

Unsophisticated  Reader. — "We  want  no  scientil 
authority  for  the  belief  that  variations  take  place,  b 
the  daily  complaints  of  our  fellow-citizens,  BhiverinK 
or  perspiring,  render  the  fact  too  obvious  for  thei 
meters  to  be  needed." 

Physiological  Lecturer. — "  Excuse  me,  sir ;  but  yoil  I 


do  want  scientific  autLority.  Without  the  thermome- 
ter, you  caimot  say  whether  you  are  warmer  or  colder 
than  you  were," 

U.  E. — "  What !  do  yon  tell  me  I  don't  know  when 
I  feel  colder  ? " 

P.  L. — "I  only  tell  you  that  you  don't  know  when 
you  are  colder.  What  yoataa.y  /eet  is  another  question 
idtogether.     Thermometers  do  not  measure  feelinga" 

U.  R. — "  This  is  too  much  I  You  will  tell  me  next 
that  I  ought  to  trust  your  thermometer,  and  distrust 
my  sensations.  Before  venturing  to  light  a  fire  in  my 
room,  I  must  place  a  thermometer  under  my  tongue  tu 
see  if  I  am  really  as  cold  as  I  feel ;  and  next  July, 
when  I  am  sweltering  in  the  sun,  you  will  [KMliajiti 
assure  me  that  I  am  wrong  to  comphiin  of  the  lieat, 
since  I  am  only  at  98° — not  a  degree  hotttr  than  I  was 
in  December  1" 

P.  L. — "  0  Unsophisticated  Header  I  if  we  are  to 
talk  science,  let  us  be  accurate.  If  we  are  to  talk  the 
language  of  the  market  and  the  dining-room,  we  shall 
iierer  come  to  a  clear  understanding.  Were  you  ever 
attacked  by  an  intermittent  fever  V 

U.  R. — "  Yea ;  and  remember  distinctly  the  vehe- 
ment shiveriiig-fit  which  commenced  it,  Perhaps  yon 
will  tell  me  I  was  not  colder  then,  nor  wanner  when 
that  fit  disappeared  and  I  seenaed  on  fire,  eh  'i " 

P.  L. — "  Your  ironical  question  warns  nut  of  your 
incredulity  when  I  shall  answer:  Mo,  you  were  not 
colder  when  you  shivered  under  the  heap  of  blankets 
which  they  in  vain  threw  over  you.    You  were  some 
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degrees  warmer.     The  application  of  that  thermometer, 
which  you  seem  to  treat  lightly,  would  have  shown  ] 
that,  wha,tever  your   sensations  may  have   said,  the  f 
actual  heat  of  your  skin  had  Wsen  six  or  seven  degrees;^ 
and  when  that  sensation  of  cold  was  succeeded  by  i 
sensation  of  huming   heat,   the  thermometer,  wbi<d 
knows  notliing  of  sensations,  but  measures  heat  onlg 
would  have  shown  that  you  were  really  not  hotter  tl 
during  the  cold  fit." 

U.  U. — "  That  is  very  staggering.    But  fevers  are  e 
ceptional  things,  so  let  us  come  to  ordinary  life, 
you  mean  to  say  that,  when  I  feel  cold  in  winter,  I  a 
really  not  colder  than  when  I  come  in  from  the  walk 
which — according  to  my  sensations — has  warmed  me?" 

P.  L. — "  As  an  Unsopliisticated  Reader,  liable  to 
chilblains,  your  feet  are  doubtless  colder  and  warmer 
under   these   two   conditions ;  and  the   thermometer 
placed  between  your  toes  before  you  walk  will  show  a 
temperature  of  66"  perhaps,  while  that  of  the  air  iS'il 
60° ;  and  after  the  walk,  the  same  test  will  show  yoto 
feet  to  have  risen  as  high  as  SS^.S.     But  if  I  n 
you  as  a  seientifie  datum,  and  think  only  of  yot 
Animal  Heat  as  aai  average,  I  am  forced  to  assure  yo| 
that  your  temperature,  variable  in  feet  and  hands,  1 
remained  constant  in  the  blood  and  internal  organl 
A  thermometer  under  your  tongue  would  show  £ 
before  and  after  your  walk.    Exercise  had  increased^ 
the  circulation  in  your  limbs,  and  consequently  in- I 
creased  the  warmth  of  those  parts  ;  but  the  source  q 
your  heat  is  the  Blood,  and  that  has  not  warmed  i 
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cooled  with  exercise.  Dr  John  Davy  found,  after  a 
walk  in  the  open  air  at  40°,  that  the  temperature  of 
his  feet  rose  to  96°.5  ;  of  his  hands,  to  97° ;  while  his 
tongue  remained  at  9S°.  Another  day,  after  a  walk  in 
the  air  at  50°,  his  feet  were  99°,  his  hands  98°,  and 
tongue  98".  Here  the  feet  were  even  warmer  than  the 
tongue.  I  can  now  answer  your  question  without 
equivoque.  When  you  feel  colder,  it  is  because  the 
circulation  in  your  extremities,  or  at  the  surface,  is  less 
active  than  usual,  and  eitlier  exercise  or  external  warmth 
is  necessary  to  restore  that  circulation ;  but  the  tem- 
perature of  your  blood,  and,  consequently,  of  those  in- 
ternal pai'ts  more  abundantly  and  constantly  suppUed 
with  blood — in  a  word,  your  Animal  Heat — remains 
unaltered" 

Our  Lecturer,  had  he  been  questioned,  would  liave 
stated  that,  in  spite  of  this  remarkable  constancy  in 
animal  hejft-,  there  are  oscillations  even  in  that  of  the 
internal  organs.  The  temperature  varies  according  to 
Age,  Sex,  Food,  and  other  cireunistances.  We  cannot, 
it  is  true,  speak  with  any  confidence  as  to  the  exact 
share  which  any  one  of  these  circumstances  has  in  the 
variations  observed ;  the  caae  is  so  complex,  and  im- 
plies the  concurrence  of  so  many  separate  influences, 
that  considerable  discrepancies  will  be  found  in  the 
results  attained  by  different  investigators.  Thus  the 
majority  of  writers  agree  that  in  infancy  the  tempera- 
tm'e  is  higher  than  in  maturity.  A  thermometer  under 
the  armpit  of  a  new-bnm  infant  will  stand  nearly  at 
100° ;  and  although  it  falls  rapidly  to  95°,  yet  in  the 
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coarse  of  the  next  four-and- twenty  hours  it  will  i 
again  to  99''.5.  Between  the  ages  of  four  months  a 
six  years,  the  average  is  dS'.d,  and  between  the  ages  I 
six  and  fourteen  it  is  99M6.  On  reading  these  figi 
the  physiologist  is  tempted  to  see  in  them  the  simd 
expression  of  the  fact  that,  during  infancy  and  c 
hood,  the  growth  is  much  more  rapid  than  it  afta 
wards  is ;  and  this  rapidity  of  growth  implies  a  greatl 
production  of  heat,  hecause  a  more  rapid  chemicl 
action.  Nevertheless,  the  extensive  observations  6 
M.  Charles  Martina  *  and  W.  F.  Edwards  -f  disturb 
the  simplicity  of  this  explanation,  and  cast  some  doubt 
on  it.  M.  Martins,  comparing  the  temperature  of 
fifty-six  ducks  and  ninety-seven  geese,  finds  that  in 
infancy  it  ia  somewhat  less  than  in  maturity.  This 
fa«t  is  in  direct  contradiction  to  the  physiological  ex- 
planation ;  but  it  may  possibly  have  some  connection 
with  the  very  important  fact  established  by  W.  Edwards, 
namely,  that  young  animals  are  distinguiBhed  from  the 
adult  less  in  the  degree  of  heat  which  they  attain  than 
in  their  want  of  power  to  resist  cold  by  rapid  produc- 
tion of  heat  This,  as  we  attempted  to  show  just  now, 
is  the  distinguishing  characteristic  of  what  ai-e  called 
the  warm-blooded  and  cold-blooded  animals  ;  and  we 
shall  now  see  that  it  is  a  characteristic  of  Aga  Ed- 
wards removed  anew-born  puppy  from  its  mother,  and 
left  it  exposed  to  the  air  at  oO^-GO".     It  rapidly  grew 

*  MSmoiTe  lar,  la  Templmtiire  dea  OUeaax  da  Hord,   in   Bi 
SeQOAHD  :  Joarrtal  de  la  Ph^iialogie,  i.  22. 
t  W.  Edwamw  :  Di  tlnfivtnce  dea  Agena  Phi/siqiia,  p.  133. 
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cold,  until  at  the  eipii'atioii  of  three  hoars  it  was  only 
-two  or  three  degrees  above  the  temperature  of  the  air. 
similar  result  was  observed  with  new-bom  rabbits, 
a,  shorter  space  of  time.    With  the  new-born  guinea- 
lig  nothing  of  the  kind  was  obaervei     It  had  a  tem- 
;are  equal  to  that  of  its  mother ;  and  this  it  pro- 
irved  whether  left  with  the  mother  or  removed  fi-om 
Dogs,   cats,   rabbits,   and  other  warm-blooded 
lals,  therefore,  seem  in  their  earlier  periods  of  ex- 
to  resemble  the  cold-blooded  animals,  and  to  be 
it  on  external  warmth  ^  but  this  is  not  true  of 
irarm-blooded  classes.     Edwards  divides  those 
into  two  groups,  one  of  which  comes  into  the 
■world  cold-blooded,  the  other  warm-blooded.     If  we 
examine  these  groups  closely,  to  discover  some  external 
sign  by  which  they  may  severally  be  known,  we  find 
that  one  group  comes  into  th.e  world  with  its  eyes 
closed,  and  the  other  with  its  eyes  open.     The  reader, 
probably,  thinks  this  sign  of  very  small  value,  until  we 
beg  him  farther  to  remark  that  the  puppy,  whose  tem- 
perature was  BO  dependent  on  external  warmth  during 
the  early  part  of  its  existence,  becomes  les,s  and  less  ao 
,tfi  he  grows  older,  till  at  the  end  of  a  fortnight  he  ia 
le  as  his  parents  of  resisting  external 
)ld — and  at  this  epoch  his  eyes  are  open.    Thus  the 
ild-blooded  period  ia  precisely  coincident  with  the 
l)liad  period. 

Is,  then.  Animal  Heat  dependent  upon  vision  ? — is 
it  ia  any  degree  regulated  by  vision  ?  The  phenomena 
are,  indeed,  intimately  connected,  but  their  connec- 
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tion  J3  not  that  of  cause  and  effect :  it  is  that  of  two 
effects  determined  by  one  cause.  Animal  Heat  ia 
evolved. by  the  vital  changes  which  take  place  in  the 
organism  ;  and  oniy  when  that  organism  baa  attained 
a  certain  degree  of  development  has  it  the  power  of 
evolving  sufficient  heat  to  resist  externa!  cold ;  now, 
the  development  of  the  eyes  is  an  indication  of  the  de- 
gree of  development  reached  by  the  organism,  and  no 
sooner  is  the  animal  sufficiently  developed  to  use  its 
eyes,  than  it  is  also  sufficiently  developed  to  preserve 
its  normal  temperature.  The  young  puppy  cannot  see, 
and  is  forced  to  remain  near  its  mother  to  be  warmed 
by  her  ;  but  the  young  guinea-pig  sees  perfectly  well, 
and  runs  about  seeking  food  for  itself.  It  is  the  same 
with  birds.  Young  aparrows,  taken  from  the  nest 
where  they  were  kept  warm  by  their  mother  and  by 
each  other,  rapidly  lost  about  30°,  although  the  ex- 
ternal air  was  moderate  (63°),  so  that  their  own  tem- 
perature fell  to  three  degrees  above  that  of  the  air, 
A  similar  result  was  obtained  with  the  air  at  72°. 
As  these  birds  are  bom  without  feathers,  their  loss  of 
heat  might  be  supposed  to  be  owing  to  the  absence  of 
^e  warm  covering  which  protected  their  parents.  It 
is  not  so,  however,  Edwards  completely  stripped  an.— 
adult  span'ow  of  its  feathers,  and  exposed  it  to  i 
at  65°,  in  company  with  a  young  sparrow  taken  froB 
the  nest ;  the  young  one  had  the  advantage  of  den 
and  in  some  parts  of  feathers  to  protect  it,  neverthele( 
its  temperature  quickly  fell  to  two  or  three  degi 
above  that  of  the  air,  while  that  of  the  adult  Bcan!fll(f1 
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[varied,  and  remained  36°  above  that  of  the  air.  Al- 
I  though  the  young  sparrows,  and  those  birds  which  are 
I  'bom  imperfectly  developed,  require  the  heat  of  the 
■  nest  and  of  their  mother,  the  yonng  chick  preserves  its 
temperature  as  ■well  as  the  grown  hen  ;  but  the  chick 
quits  the  egg  in  a  state  of  development  which  permits 

it  to  run  about  and  feed  itself. 

Have  these  facts  any  application  to  man  ?  Are  we 
bom  cold-blooded,  like  blind  puppies  ?  Not  exactly ; 
yet  the  same  laws  are  in  operation  in  our  organisms 
as  in  the  organisms  of  the  puppy  and  the  sparrow, 
Edwards  relates  that  one  of  his  patients  gave  birth  to 
n-raonths  child,  with  such  ease  that  the  child 
came  before  assistance  could  be  got.  He  arrived  two 
or  three  hours  afterwards,  and  found  the  child  vigorous, 
■well  swaddled  in  clothes  before  a  good  fire  ;  yet  its 
temperature,  even  under  these  circumstances,  was  only 
'90°,  or  five  degrees  below  that  of  the  average  of  a 
child  bom  at  the  proper  period.  Every  precaution 
vas  taken  to  keep  the  infant  warm ;  had  not  such 
jrrecantions  been  taken,  it  would  have  perished  as  a 
pappy  would  have  perished. 

Maternal  instinct  has  in  all  ages  and  in  all  climates 
'taught  women  to  keep  their  infants  warm  Philoso- 
phers have  at  various  times  tried,  by  logic  and  rhetoric, 
to  thwart  this  instinct.  .Philosophy  has  been  eloquent 
Sn  the  virtue  of  making  infants  "  hardy,"  and  has  de- 
clared that  cold  baths  and  slight  clothing  must  be  as 
'  Btrengthening"  to  the  infant  as  to  the  adult.  Listen 
0  none  of  these  philosophers,  ye  mothers !     They  are 
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to  be  suspected  when  they  are  talking  physiology.  Car 
under  such  circumstances  they  are  the  worst  of  guides, 
deceiving  themselves  and  you  by  that  fatal  facility 
which  intellectual  power  gives  them  of  making  ignor- 
ance look  like  knowledge,  and  of  so  speciously  airaybg 
absurdity  that  it  looks  like  plain  common-sense.  It  is 
bad,  very  bad,  to  listen  to  grandmothers,  mothers-in- 
law,  and  nurses :  their  heads  are  mostly  mere  lumber- 
rooms  of  crotchets  and  absurdities ;  but  it  is  better 
sometimes  to  listen  to  them  than  to  philosophers  who 
inspire  more  respect,  and  cannot  irreverently  be  treated 
as  "  old  women."  Maternal  instinct  must  not  be  per- 
verted by  such  nn physiological  teaching  as  that  of 
"hardening"  infants.  It  is  true  that  strong  infanta 
can  endure  this  process,  but  it  is  certain  that  in  all_ 
cases  it  is  more  or  less  injurious ;  for  the  universalli 
is,  that  the  younger  the  animal,  the  feebler  its  pow 
of  resisting  coid,  in  spite  of  its  possessing 
temperature  than  the  adult. 

An  interesting  fact  is  elicited  by  Edwards  from  I 
researches,  namely,  that  although  the  younger  i 
animal  the  less  its  ability  to  resist  cold,  this  peril  is  ti 
a  great  extent  evaded  by  the  comparative  impui 
with  which  the  young  animals  can  be  snbjected  to! 
fail  in  their  temperature.  The  adult  better  resists  e 
ternal  cold ;  but  if  the  resistance  be  overcome,  there  j 
greater  difficulty  in  re-establishing  the  normal  heS 
In  proportion  as  the  faculty  of  developing  heat  i 
creases,  the  faculty  of  developing  it  after  a  consider 
fall  decreases.    One  sees  the  beneGcial  operation  of  tl 


R.lsw  in  nature.  The  most  careful  bird  is  forced  to  quit 
Kaev  young  from  time  to  time  in  search  of  food,  and 
iduring  lier  absence  tiiey  necessarily  become  colder ;  if 
Sie  is  absent  long,  or  if  the  nest  be  not  very  warm,  they 
Trill  undergo  a  loss  of  heat  which  would  be  perilous  to 
an  adult.  But  no  sooner  does  she  return  to  warm  them, 
than  they  regain  their  temperature  with  facility. 

Old  people  are  commonly  said  to  liave  a  lower  tem- 
perature than  those  of  middle  age ;  but  Dr  Davy's  ob- 
ietvations  do  not  confirm  this ;  he  found  no  such  dif- 
ference, nor  are  we  aware  of  any  evidence  by  which  the 
notion  can  be  established.  It  is  true  that  cold  is  not 
^  well  resisted  in  old  age.  Herein  old  age  and  infancy 
IBgree. 

The  influence  of  Sex  has  not  been  much  investigated ; 
yet,  considering  the  differences  in  the  blood  and  rea- 
jpiration  of  the  sexes,  we  might  expect  to  find  some 
itriking  results  elicited  from  a  careful  comparison  of  ' 
temperatures.  The  only  extensive  investigations  with 
Which  we  are  acquainted  are  those  of  M.  Martins,  pre- 
liocsly  cited  :  from  one  hundred  and  ten  observations 
pn  ducks  and  drakes,  he  finds  the  temperature  of  the 
females  to  be  somewhat  higher  than  that  of  the  males ; 
but  their  temperature  is  also  more  variable,  differing 
between  individuals  more  than  is  the  case  with  the  males. 
_  Between  women  and  men  there  seems  to  be  no  appre- 
^Ciable  difference,  which  is  the  more  striking  from  the 
aiown  differences  in  their  blood  and  respiration. 

"Food  is  warmth,"  says  the  physiologist;  and  in 
me  sense  this  is  strictly  true,  namely,  that  Food,  by 
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rendering  a  continuance  of  the  vital  processes  possible, 
must  bring  with  it  the  heat  to  be  evolved  in  those  pro- 
cesses. But  it  is  not  true  in  the  sense  in  which  the 
aphorism  is  frequently  employed,  namely,  that  Food  is 
the  fuel  which  is  burned  for  animal  heat  (like  coke  in 
a  furnace),  and  that  particular  kinds,  the  so-called 
Eespiratory  Foods,  are  those  we  ought  to  employ  aa 
fuel.  The  warmtli  you  feel  after  eating  a  hearty  dinner 
ia  not  really  an  inorease  of  your  temperature,  but  a 
diftision  of  it  to  the  extremities  and  the  surface.  Place 
a  thermometer  under  your  tongue  before  dinner  and 
.  after  it,  and  you  will  find  that,  in  spite  of  your  sensa- 
tions, the  thermometer  points  to  the  same  degree  at  each 
period.  Yet,  as  this  admits  of  another  interpretation, 
we  shall  adduce  the  less  equivocal  observations  of  M. 
Martins.  Tlie  ducks  belonging  to  a  miller  near  Mont^ 
pellier  were  fed  well  on  grains  every  morning  before 
being  turned  out  to  enjoy  themselves  in  the  river,  anii« 
every  evening  on  their  return  they  were  fed  agaiil^| 
close  by,  there  lived  a  poor  waiter  on  the  lock,  wb^H 
also  kept  ducks,  but  could  not  afford  to  feed  them  on 
grains,  like  his  richer  neighbour,  so  that  they  were  re- 
duced to  forage  for  themselves.  Here  accident  had 
arranged  the  conditions  of  a  good  scientific  experiment 
Living  in  the  same  air,  the  same  temperature,  and  in 
the  same  lock  of  the  river,  these  two  flocks  differed 
only  in  respect  of  the  grain  on  which  one  was  daily  fed 
Theinfluenceoffood  would,  therefore, here  be  manifest 
"What  did  observation  detect?  A  superiority  of  t 
perature  amounting  nearly  to  a  degree  centigrade  (aboni 


"  Fahr.)  in  favour  of  the  well-fed  ducks.   M,  Martina 
(dda  that  he  has  since  then  often  been  able  to  affirm 
■chether  a  bird  has  beeu  well  or  ill  fed,  by  simply  aa- 
ig  its  temperature. 
On  a  superficial  consideration,  this  would  seem  to 
1  convinciug  evidence  that  those  physiologists  are 
»rrect  who  assert  "  food  to  be  vfarmth,"  in  the  crude 
ise  of  food  being  fuel ;  but  cloj^er  attention  will  show 
Vthat  the  evidence  supports  our  view  of  food.     Indeed, 
L  Martins  has  furnished  us  with  irresistible  evidence ; 
ir,"  as  he  remarks,  "  we  shall  greatly  deceive  our- 
laelves  if  we  imagine  that  a  better  quality  of  food  will 
Jenfiice  to  raise  the  temperature  in  a  short  period.   Two 
■jdrakes,  after  five  days  of  abatineace,  were  found  to  have 
Fa  temperature  of  -H°.83  centigrade  (about  107°  Fahr.) ; 
I  then  fed  them  entirely  on  bran  and  herbs,  and  twenty- 
five  days  afterwaiiis  their  temperature  was  iSMl  (not 
quite  108°  Pahr.)     Two  other  ii-ates,  with  a  tempera- 
■  tnre  of  41''.40,  were  fed  abundantly  on  maize  and  hay : 
ut  the  end  of  twenty-five  days  of  such  diet  their  tem- 
perature was  41°.76" — that  is  to  aay,  actually  less  than 
those  which  had  been  ill  fed !     This  may  seem  to  be  in 
contradiction  with  M.  Maitins'  previous  obseiTation  on 
the  well-fed  and  ill-fed  ducks ;  but  the  contradiction  is 
only  superficial :  the  reader  will  notice  that,  although 
the  temperature  of  these  well-fed  drakes  was  actually 
less  than  that  of  the  iU-fed,  it  was  also  less  when  the 
experiment  began ;  and  if  we  compare  the  rise  in  the 
mperature  which  took  place  in  both,  we  shall  find 
t  in  the  ill-fed  it  waa  only  0°.S0,  and  in  the  well-fed 
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0°.36.     This  difference,  slight  as  it  may  seem,  is  in 
fevour  of  the  well-fed ;  and  when  aucli  slight  elevations 
are  continued  month  after  month,  they  may,  and  will, 
attain  a  superiority  amounting  to  one  degree, 
though,  therefore,  this  experiment  confinns  the 
vioTia  observation  of  the  influence  of  generous  food 
elevating  the  degree  of  animal  heat,  it  strikingly 
credits  the  notion  that  the  food  is  burned  as  fuel  in 


"  Food  is  warmth,"  "because  food  furnishes  the  pal 
lum  of  the  tissues,  and  warmth  is  evolved  in  the  chemi- 
cal changes  which  go  forward  in  the  formation  and 
destruction  of  the  tissues.    But  food  is  not  fiiel  only, 
as  some  physiologists  would  have  us  believe.     If  any- 
thing is  burnt,  it  is  the  tissues,  not  the  food ;  our 
warmth  comes  from  the  organic  processes  which  make 
and  unmake  the  tissues.    The  proof  of  this  is  seen,  not 
only  in  the  foregoing  experiments,  but  even  more  con- 
vincingly in    the   experiments   on   starvation   which 
Chossat  and  Martins  have  performed.     Wo  shall  not 
here  repeat  those  of  Chossat,  because  they  are  weB 
known,  and  the  results  are  accessible  in  almost  eveiy 
text-book ;  but  those  of  Martins  will  be  new  to  our 
readers,  and  may  therefore  briefly  be  indicated, 
took  four  drakes,  and  submitted  them  to  several 
cessive  periods  of  abstinence,  separated  by  periods^ 
which  they  were  abundantly  fed     They  were  left 
tub  of  water  in  which  to  bathe,  and  their  habits 
tmaltered ;  nothing  bnt  the  solid  food  was  wil 
during  the  days  of  tlie  experiment;  and  in  ordi 
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iToid  the  dinmal  variations  of  temperature  from  com- 
plicating the  problem,  the  thermometer  was  always 
:Spplied  at  the  same  hour  of  each  day.  The  birds  com- 
inenccd  the  period  of  fasting  with  a  temperature  of 
^a^SO  (108°  Fahrenheit},  at  the  close  of  a  period  of 
^ple  nourishment. 
After  24  hours' abBtinenco  the  temperature  sanfc  to  41''.84. 

,  rose  to  41".89. 

rweto41''.91 

,  rose  to  41°.94. 

,  sonA  to  41' 

Here  we  see  that  twenty-four  hours'  fast  have  pro- 
duced a  striking  reduction  of  temperature ;  and  those 
writers  who  attribute  warmth  to  the  combustion  of 
food  may  fancy  they  see  evidence  for  their  opiuion  in 
snch  a  fact ;  but,  aa  the  fast  ia  prolonged,  the  tempera- 
lure  does  not  continue  falHng  ;.  it  rises  :  so  that,  after 
ninety-six  hoiirs  of  complete  abstinence,  the  tempera- 
jtnre  has  risen  nearly  to  what  it  was  when  the  animal 
Sras  crammed  with  food.  We  have  only  to  add,  that 
liis  is  io  perfect  accordance  with  the  observations  of 
Clhossat  on  pigeons.  It  ia  true  that,  after  the  fifth  day, 
l^e  temperature  suddenly  sinks ;  but  the  mere  increase, 
BB  the  abstinence  is  prolonged  during  the  first  four 
Says,  is  sufficient  to  show  that  animal  heat  is  not 
evolved  by  the  combustion  of  food. 

Having  examined  the  influence  of  Age,  Sex,  and 
iPood,  we"  may  now  east  a  glance  at  the  influence  of 
the  Seasons.  Although  man  preserves  his  standard  of 
88°  in  the  tropics  and  in  the  arctic  zone,  he  does  bo  in 
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virtue  of  the  power  his  organism  possesses  of  adjusti 
itself  to  changing  circumstances.     We  adjnst  onrsel' 
to  the  changing  seasons.     In  winter  we  are  as  wi 
aB  in  summer,  because  in  winter  we  produce 
heat,  and  lose  less  by  evaporation  and  exhalation, 
cold  day  in  summer  is  incomparably  more  unpl< 
and   injurious  than  a  day  of  equal   temperature 
autumn ;  aud  the  coldest  day  in  summer  would  be  mild 
to  us  in  winter.     The  reason  is,  that  in  summer  the 
cold  day  finds  us  unprepared.     The  organism  di 
summer  has  been  adjusting  itself  to  the  production 
less  and  less  heat,  and  if  a  cold  day  now  occur,  we  hal 
less  power  of  resistance ;  we  are  somewhat  in  the  con' 
dition  of  the  infant  animal,  which  has  not  yet  acquired 
its  full  power  of  heat-making.     It  is  on  this  principle 
that  we  may  explain  the  death  of  animais  exposed 
ing  summer  to  a.  degree  of  cold  which  in  winter  w( 
scai'cely  lower  their  temperature. 

We  are  not  all  blessed  with  the  same  capacity 
rapidly  developing  heat ;  we  are  not  all  blessed  with 
same  activity  of  the  circulation.  Yet  each  la  apt 
make  himself  the  standard.  E.  shivers,  and  com] 
of  the  cold ;  thinks  he  must  have  the  fire  light 
though  it  be  June.  C  is  amazed  that  any  one 
possibly  be  cold  on  such  a  day;  C.  is  quite  wf 
Perhaps,  after  reading  these  pages,  B.  will  learn  to 
derstand  that  it  is  quite  possible  for  C.  to  be  coi 
able  in  this  temperature ;  and  0.  will  learn  to  aym] 
thise  with  the  less  fortunate  B.'s,  who  shiver 
ia  warm     The  differences  may  arise  from  two 
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B  heat-producing  capacity  may  be  less,  or  the  circu- 
lation feebler.     The  stimulus  of  the  external  cold  in- 
ises  the  activity  of  the  organic  processes  in  one 
man,  and  depresses  it  in  another.    That  this  is  the  real 
'  cause,  will  appear  on  examining  the  influence  of  cold 
on  the  various  classes  of  warm-blooded  animala.     One 
class — the  hybernaters— is  so   incapable  of  resisting 
cold  by  an  adequate  increase  of  its  own  temperature, 
that  it  falls  into  a  torpor ;  other  classes  are  forced  to 
seek  external  warmth  in  nests  and  holes,  as  we  seek  it 
L  warm  clothing  and  heated  rooms ;  others,  again, 
seed  nothing  but  their  own  tenaperatvire.     In  spite  of 
'  tiie  active  respiration  of  a  mouse,  it  needs  a  warm 
nest,  and,  unless  in  active  esercdsc,  will  perish  if  ex- 
posed to  a  temperature  which  we  should  consider  mo- 
derate ;    we,  again,  should  perish  ui  a  temperature 
which  the  cat  or  dog  could  endure  without  uneasiness. 
Among  men  there  are  some  who  resemble  the  mouse, 
Lud  others  who  resemble  the  cat.     The  slightest  fall  of 
Biperature  causes  the  first  to  put  on  warmer  clothing, 
Krt  to  light  the  fire  ;  at  wbicli  their  robuster  friends  are 
)eral  in  sarcastic  allusions,  spoken  or  thought,  and 
!  somewhat  impatient  of  this  "coddling,"     These 
"  Bareastic  friends  are  the  cats. 

It  is  important  to  bear  in  mind,  however,  that  this 
inadequate  production  of  heat  does  not  always  trans- 
late itself  by  the  expression  of  "chilliness  ;"  the  effect 
of  cold  is  often  totally  unUke  that  of  a  chilly  sensation ; 
it  produces  a  vague  uneasiness,  a  feeling  of  depression, 
^kesulting  from  the  lowering  of  the  organic  activity ; 
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and  many  periodic  fornos  of  disease  are  probably  con- 
nected therewith.  Without  positively  "  feeling  cold," 
the  person  so  affected  need  only  enter  a  well-warmed 
apartment,  to  be  at  once  aware  of  a  reinvigorated  con- 
dition. 

There  is  a  misconception  respecting  cold  which  may 
here  be  rectified.  Oapt,  Pany  tells  us  that  with  the 
thermometer  at  55°  below  zero  —  that  is  to  say, 
87°  below  freezing-point, — if  no  wind  be  stirring 
the  hands  may  remain  uncovered  for  a  quarter  of  an 
honr  without  inconvenience ;  whereas  with  a  fresh 
breeze,  even  when  the  thermometer  is  at  zero,  few 
persons  can  keep  the  hands  exposed  without  piuiLJ 
The  fact  is  familiar  to  all,  that  wind  makes  the  bittec^ 
ness  of  a  winter  day ;  and  that  even  in  summer  ai^^ 
east  wind  ia  bitter  and  sometimes  painful.  But  why 
is  it  so?  Why  are  our  sensations  at  variance  with 
the  thermometer  ?  Why  do  we  fed  the  cold  to  be 
greater  on  a  windy  day  ?  The  reason  is  that  we  ait 
colder  ;  vi&feel  the  cold  to  be  greater  because  our  lo! 
of  heat  ia  more  rapid.  The  air  is  a  bad  conductor,  anj 
unless  it  be  blowing  upon  us,  thus  continually  brii^ 
ing  fresh  air  in  contact  with  our  warm  bodies,  we  pr* 
duee  heat  fast  enough  to  replace  what  is  carried  o 
but  when  the  air  carries  off  heat  faster  than  we  c 
produce  it, — when  the  evaporation  from  our  skin  i 
more  rapid  than  the  replacement,  then  we  have  a  c 
tinuons  sensation  of  cold,  because  then  our  skin  i 
is  cold  A  dry  wind,  like  the  east  wind,  ia  cold  I 
cause  it  promotes  a  rapid  evaporation  ;  a  moist  wintQ 


ike  the  west  wind,  is  warm  because  its  moisture  re- 
s  evaporation. 

Dr  Watson,  in  his  Lectures,  gives  a  very  useful 

Saution  agmnst  the  readiness  with  which  we  may 

"confound  the  effects  of  long  exposure  to  cold  with 

those  of  intoxication.    "  There  is  too  much  reason  to 

believe  that  poor  wretches,  who  have  been  picked  up 

J  the  constables  in  the  streets  at  night  during  periods 

f  hard  frost,  have  been  supposed  to  be  drunk,  when 

a  truth  they  were  only  stupefied  by  cold."* 

'  "When  ia  cold  dangerous  ?     It  is  always  dangerous 

a  continuous  :  a  dash  of  cold  water,  or  of  cold  air, 

'produces  a  reaction ;  but  a  continued  chilliness  will 

produce  disease.     There  is  a  danger  in  wet  feet,  but 

this  danger,  as  every  one  knows,  does  not  reach  the 

sportsman,  or  the  pedestrian,  unless  he  sit  still  with 

wet  feet ;  it  is  the  chilliness  which  comes  on  when 

evaporation    is  not    compensated    by   production   of 

warmth,  that  causes  the  evil     Again,  it  is  dangerous 

to  drink  cold  water  after  violent  exercise  ;  but  not  at 

1  dangerous  to  drink  it  during  the  exercise,  before 

e  body  has  begun  to  cooL     The  organism  can  with- 

tand  the  most  sudden  alternations  of  heat  and  cold, 

t  they  must  be  sudden,  and  the  organism  must  be  in 

igour.     A  Russian  heats  himself  in  a  vapour  bath 

1  immediately  plunges  iuto  snow.     But  if  he  were 

0  wait  some  minutes  after  quitting  the  vapour  bath, 

tnd  allow  his  body  to  begin  cooling,  the  snow  bath 

d  probably  kill  him. 

*  WiTsoN;  Friictice  o/Phi/iir,  i.  81. 
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■HT  WE  ARE  WARM,  AND  HOW  WE  K 

Theoet  op  Animal  Heat.— It  will  be  necessary 
to  devote  a  few  paragraphs  to  that  theory  of  "  Why 
we  are  warm,  and  how  we  keep  so,"  which  has  ob- 
tained general  acceptance.  There  ia  indeed  a  powerful 
and  ever-increasing  minority  which  rejects  that  theoiy, 
and  as  this  minority  seems  to  me  to  have  the  best  of 
the  argument,  I  wUl  first  state  what  the  theory  is,  and 
then  briefly  criticise  it. 

Animal  Heat,  it  ia  said,  ia  the  effect  of  which  Ees- 
piration  is  the  cause.     In  Respiration,  oxygen  is  ab- 
sorbed, which  bums  the  carbon  of  the  food  into  car- 
bonic acid,  and  the  hydrogen  into  wat«r ;  in  these  acta 
of  oxidation,  heat  is  generated,  for  no  combination  of 
a  combustible  substance  with  03^gen  can  take  place 
without  disengaging  heat.     No  matter  whether  such 
oxidations  take  place  in  the  body  or  out  of  it,  rapidly 
or  slowly,  at  a  low  temperature  or  at  a  high  one,  the 
amount  of  heat  set  free  by  the  combination  of  a  given 
quantity  of  oxygen  with  a  given  quantity  of  carbon  «^ 
hydrogen,  is  tdways  and  everywhere  the  same.     TheJ 
oxidation  of  the  carbon  of  the  food  will  liberate  p»*J 
cisely  as  much  heat  as  if,  instead  of  being  spread  OTW^l 
a  long  time,  the  combustion  had  taken  place  inavesKl^l 
of  pure  oxygen.     Chemistry  assures  us  of  these  factuJ 
Physiology  assures  us  that  oxygen  is  incessantly  ab-  I 
sorbed  in  the  lungs,  and  tliat  carbonic  acid  and  watefl 
are  as  incessantly  exhaled  ;    and  further  assures  i 
that,  concurrently  with  this  absorption  of  oxygen  s 
exhalation   of  carbonic  acid  and  water,  there  ia  t 
amount  of  heat  generated  which  would  be  genei 
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"by  an  equivalent  combustion  of  carbon  and  hydrogen 
f  the  organism.  "It  is  obvious,"  says  Liebig, 
"  that  the  amount  of  heat  liberated  must  increase  or 
diminish  with  the  quantity  of  oxygen  introduced  in 
equal  times  by  respiratioa  Those  animals,  therefore, 
irHch  respire  frequently,  and  consequently  consume 
much  oxygen,  possess  a  higher  temperatiu'e  than 
pthers,  which,  with  a  body  of  equal  size  to  be  heated, 
ike  into  the  system  less  oxygen." 
.  Such  is  the  so-called  "  chemical  theory  of  Animal 
Heat"  We  have  already  seen  how  little  confidence  13 
to  be  given  to  the  notion  of  the  food  being  burnt  in 
the  organism  ;  and  when,  therefore,  we  hear  "  the 
^bon  of  the  food"  spoken  of  as  passing  into  carbonic 
cid,  and  disengaging  heat,  we  must,  if  we  accept  the 
ttieory,  declare  that  what  is  burnt  is  the  carbon  of  the 
lassnes  made  from  that  food.  The  osygeu  which  is 
ibsorbed  in  the  hmgs  does  not  then  and  there  combine 
rith  carbon  in  the  blood,  and  generate  its  due  amount 
if  heat ;  this,  which  was  formerly  believed,  is  now 
given  up  by  all  competent  physiologists.  In  giving 
up  this  idea,  we  must  follow  the  coui'se  of  the  oxygen 
in  the  blood,  until  we  detect  it,  flagrante  delicto,  in 
e  act  of  burning  the  carbon  ;  but  this  has  hitherto 
saped  all  research.  We  are  in  utter  ignorance  as  to 
e  origin  of  carbonic  acid  in  the  organism.  We  have 
my  plausible  explanations  as  to  how  it  may  ariae, 
t  how  it  does  arise  we  do  not  know.  It  is  extremely 
I,  according  to  Robin  and  Verdeil,  whether  any 
rect  oxidation  of  carbon  takes  place  at  all,  and  is  quite 
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certain  that  much  of  the  carbonic  acid  ia  not  so  pro- 
duced.' Without  venturing  further  on  groand  so  deE- 
cate,  we  will  sum  up  in  the  words  of  the  distinguished 
chemist  Regnault,  who  has  specially  studied  this  ques- 
tion :  "  It  was  long  believed  (and  many  chemists  still 
believe  it)  that  the  heat  produced  by  an  animal  in  a 
given  time  ia  precisely  equal  to  that  which  would  be 
produced  by  the  burning  in  oxygen  of  the  same  amount 
of  carbon  and  hydrogen  which  is  found  in  the  carbonic 
acid  and  water  exhaled  in  that  time.  It  is  very  pro- 
bable that  animal  heat  is  entirely  produced  bj/  the 
chemical  actions  which  tal^e  place  in  the  organism, 
but  the  phenomenon  is  too  complex  to  admit  of  our 
calculating  it  according  to  the  quantity  of  oxygen  eon- 
8umed."-1-  The  simple  fact  that  the  carbonic  acid 
exhaledj  at  times,  contains  more  oxygen  than  has  been 
absorbed,  although  perfectly  intelligible  when  we  re- 
member the  influence  of  food  on  the  exhalation  of  car- 
bonic acid,  is  of  itself  enough  to  destroy  all  confidence 
in  such  calculations. 

As  an  example  of  the  heat  which  is  formed  in  the 
organism  by  the  processes  of  life,  not  reducible  to  mere 
oxidations,  let  us  consider  the  simple  fact  of  mii.scular 
contraction.  That  heat  ia  liberated  every  time  a  muscle 
contracts  is  well  known,  and  the  experiments  of  Mat- 
teucci  and  Helmholtz   show  that  this  heat  \b  qui 

■"  RoBlS  rf  VebdeiL  ;  TraiiS  deCkimU  Anniomiqve,  ii.  3: 
168,  462,  iind  iii  1S5  asq.  Compare  also  BsTtNAnD  :  Liqnida  eU  fA 
ganitaie,i,  441  seq,,  on  tie  abEenoa  of  proof  that  water  is  formed  in^ 
organiam. 

t  ReonaCLT  :  Coma  Ellinenlaire  de  CTimie,  ii.  8G8. 


independent  of  any  circulation  of  the  blood.  The 
former  placed  several  frogs'  legs  in  a  glass  and  sur- 
rounded a  thermonieter  with  them  ;  on  irritating  their 
nerves  so  as  to  produce  muscular  contractions,  the 
temperature  rose  in  the  glass.  Now  unless  it  be  main- 
tained that  oxidation  necessarily  precedes  or  accom- 
panies every  contraction  of  a  muscle,  it  will  be  obvious 

lat  oxidation  is  not  the  sole  source  of  Animal  Heat ; 
md  -when  we  reflect  on  the  enormous  amount  of  mus- 
cular contractions  of  all  kinds  which  take  place  within 
the  organism,  we  shall  see  that  from  this  soarce  alone 
a  large  amount  of  heat  must  arise.  The  same  is  true 
of  all  organic  processes. 

WhUe,  therefore,  it  is  still  undecided  whether  car- 
)onic  acid  and  water  arise  in  the  organism  by  a  process 
rf  direct  oxidation,  the  theory  of  Animal  Heat,  which 
Is  based  on  such  an  assumption,  must  necessarily  be 
held  questionable.  Meanwhile  we  may  look  a  little 
doser  into  the  evidence  which  declares  that  Animal 
Heat  is  the  direct  product  of  Respiration,  rising  and 
foiling  with  it,  dependent  on  it,  as  efTect  upon  cause. 
That  a  mass  of  evidence  can  be  adduced  is  perfectly 
!,  because,  whatever  theory  we  may  form,  we  must 

all  perceive  that  an  intimate  relation  necessarily  ex- 
s  between  Respiration  and  Animal  Heat ;  if  only  on 
Aie  ground  that  all  vital  processes  are  intimately  re- 
nted, and  in  the  organism  one  function  is  necessarily 
jependent  on  another.  The  question,  however,  is  not 
whether  an  intimate  relation  exists  ;  bnt  whether  the 
'«ausa]  relation  exists,  whether  the  two  phenomena 
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IB  invariable  coirespondence,  the  one  never  feeble  w 
the  otlier  is  energetic — the  one  nerer  acting  after  fcl 
other  has  ceaaed, 

Disregarding  the  mass  of  evidence  which  may  i 
adduced  in  favour  of  the  correspondence,  let  as  hel 
fix  our  attention  Sfilely  on  some  striking  exceptira 
The  cases  are  by  no  means  very  rare  in  which  a  corp 
has  preserved  a  high  temperature  for  many  hours ; 
as  Respiration  must  altogether  have  ceased,  these  e 
have  great  significance  for  us.     Dr  Livingstone  n 
tiona  a  case  which   came   under  his  own  eye,  of  I 
Portuguese  lady,  who  died  of  fever  at  three  o'ela 
in  the  morning  of  the  26th  April     "  The  heat  of  the 
body  continued  unabated  till  six  o'clock,  when  I  was 
called  in,  and  I  found  her  bosom  as  warm  as  ever  I 
did  in  a  living  case  of  fever.     This  continued  for  thi 
hours  more.     As  I  had  never  seen  such  a  case  in  whi 
fever-heat  continued  so  long  after  death,  I  delayed  ti 
funeral  till  unmistakable  symptoms  of  dissolution  q 
curred."     Mr  George  Redford  informed  me  of  a 
which  he  had  under  his  own  eye.     A  soldier,  given  | 
drink,  died,  I  forget  from  what  cause,  and  the  1 
day  Mr  Bedford  was  qnite  startled  at  finding  the  h 
still  warm.     Dr  Bennett  Dowler,  of  New  Orleans,  i 
likewise  observed  that,  in  many  cases,  the  temperata 
rises  after  death ;  and  as  these  obseivations  are  citi^ 
by  so  eminent  an  authority  as  Professor   Dunglie 
we  must  give  them  a  credit  which  might  perhapsjl 
refused  to  the  cases  previously  mentioned.    Dr  I 
found  that  where  the  highest  temperature  dux 
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10i°  under  the  armpit,  it  rose  to  109"  in  ten 
tninates  after  death  ;  fifteen  minutes  afterwards  it  was 
113°  in  an  incision  ia  the  thigh ;  in  one  hour  forty 
utes,  it  was  109°  in  the  heart.  Tliree  hoars  after 
all  the  viscera  had  been  removed,  an  incision  in  the 
thigh  showed  the  temperature  to  be  110°. 

When  we  remember  that,  even  after  death,  processes 
of  growth  and  secretion  have  been  observed  to  take 
place,  there  is  nothing  incredible  in  these  examples  of 
continued  heat  after  death  ;  but  we  canuot  see  how  the 
advocates  of  the  Eespiration  theory  reconcile  such  facts 
as  the  complete  absence  of  Respiration  during  several 
hours,  with  no  diminution  of  Animal  Heat.  Accord- 
ing to  theory,  the  two  phenomena  are  in  iminediato 
dependence,  the  intensity  of  heat  corresponding  with 
the  energy  of  respiration ;  but  here  there  is  no  respira- 
laon,  nor  has  there  been  any  for  some  hours,  yet  the 
bsat  continues  to  be  produced.  If  it  is  said  that  the 
oxygen  breathed  during  life  suifices  to  keep  up  the 
oxidation  after  death  ;  the  answer  is,  that  on  this 
reasoning  tiU  bodies  should  continue  warm  many  hours 
after  death. 

There  are,  moreover,  numerous  facts  which  show  a 
similar  want  of  correspondence  between  the  energy  of 
respiration  and  the  intensity  of  heat     In  tetanus,  for 

:ample,  the  temperature  has  been  known  to  rise  to 
110°— an  amazing  height;  yet  no  corresponding  in- 
crease of  respiration  is  noted.  In  women  the  energy 
■of  Eespiration  is  strikingly  inferior  to  that  in  men ;  ac- 
'Sording  to  Barral,  40  per  cent  less.    Yet,  al*'       '  they 
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"bum"  80  much  less  carbon  than  men,  their  temp( 
ature  is  scarcely  lower,  if  lower  at  all     We  lay  mc^ 
stress  on  thia  fact,  because  it  is  the  expres 
normal  condition  of  the  organism.      In  all  < 
disease  there  is  a  possibility  of  some  totally  new  con- 
ditions which  render  our  inferences  inapplicable ;  but 
in  the  natural  bi'eathing  of  ordinary  men  and  women 
we  may  expect  to  sec  the  unobstrncted  action  of  t 
law  which  connects  Respiration  with  Animal  Hea 
According  to  theory,  women  ought  to  have  a  TOf 
much  lower  temperature  than  men,  for  they  exi 
very  much  less  carbonic  acid  in  respiration,  and  tnu^ 
therefore    "burn"  less   carbon.      According  to  : 
women  have  as  high  a  temperature  as  men.     It  lookj 
plausible    when  we   read  that   the   amount  of  heS 
liberated  must  increase  or  diminish  with  the  quantid 
of  oxygen  introduced  in  equal  times  by  respiratioM 
yet  this  plausibility  becomes  troubled  when  we  i 
Animal  Heat  sometimes  bearing  no  such  relation  b 
the  amount  of  inspired   oxygen.     The  woman  is  i 
worm  as  the  man,  with,  feebler  respiration. 

When  we  take  a  general  survey  of  the  ai 
dom,  the  correspondence  between  energetic  respiratiojj 
and  high  temperature  is  very  striking,  and  afTorda  i 
evidence  to  which  allusion  was  made  just  now  ] 
favour  of  the  current  theory.  The  cold-blooded  t 
mals  are  all  feeble  breathers,  and  the  most  energetl 
breathers  are  the  warmest-blooded.  A  mollusc,  i 
a  frog,  a  quadruped,  and  a  bird,  represent  the  varioi 
stages  of  this  correspondence.    The  absorption  of  o] 
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gen  is  smallest  in  the  mollusc,  and  greatest  in  the 
bird.  The  mollusc  has  the  temperature  of  the  me- 
dium in  which  it  lives,  or  is  so  slightly  raised  above 
it  that  our  ordinary  instruments  detect  no  elevation. 
The  bird  beeps  a  constant  temperature  of  ^0^ 

So  long  as  we  content  ourselves  with  such  gen- 
eralities, the  evidence  is  ample.  Indeed,  we  might,  a 
priori,  conclude  that  a  general  correspondence  would 
necessarily  be  observed,  because  of  the  general  connec- 
tion which  two  organic  functions  always  exhibit ;  but 
10  sooner  do  we  descend  from  generals  to  particulars 
—no  sooner  do  we  compare  animals  with  each  other, 
than  the  eorreapondence  suddenly  ceases  to  lend  its 
flid  to  the  theory.  It  is  true,  as  a  general  fact,  that 
birds  have  a  higher  temperature  and  more  energetic 
Tespiration  than  quadrupeds.  It  is  true,  moreover,  as 
a  general  fact,  that  in  birds  the  highest  temperature  is 
.found  in  those  of  the  most  energetic  respiration,  the 
^active  hawk  or  swallow  being  warmer  than  the  bam- 
•door  fowl ;  but  this  is  true  only  as  a  general  fact :  and 
if  we  continue  comparing  birds  together,  we  shall  find 
that  the  active  predatory  petrel  has  uniformly  a  much 
lower  temperature  than  the  domestic  duck.  Here  the 
correspondence  suddenly  fails.  "  If  we  bear  in  mind 
the  current  ideas  respecting  the  production  of  animal 
heat,"  Bays  Brown-S^quard,  parenthetically,  "  there  is 
aeanredly  something  strange  in  the  fact  that  the  class 
F  birds  to  which  the  petrel  belongs  has  not  a  higher 
temperature  than  we  find  to  be  the  case.  The  active 
life  of  these  birds,  their  extreme  vigour,  the  rapidity  of 
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their  flight,  their  food,  ao  rich  in  fatty  principles,  a 
the  waxm  climate  in  which  many  of  them  live,  are  a 
many  circumstances  which  ought  to  ^ve  them  a  h 
temperature."  As  M.  Brown- Si^qnard  does  not  doubj 
the  current  theory,  he  is  inclined  to  attribute  this  dis- 
crepancy to  the  occasional  fasts  which  these  birds  are 
subject  to.  Being,  oa  the  whole,  less  well  fed  than 
domestic  ducks,  they  are  therefore,  he  thinks,  lower  in 
temperature.  Tliis  will  doubtless  have  its  influence ; 
yet  differences  in  the  temperature  of  birds  cannot  he 
wholly  attributed  to  it :  for,  as  M.  Martins  finds,  ducks 
have  a  higher  temperature  than  geese.  Now,  inasmuch 
as  the  goose  is  as  welt  fed  as  the  duck,  as  well  covered 
with  feathers,  and  as  energetic  in  respiration,  we  should, 
a  priori,  expect  it  to  have  a  higher  temperature  than 
the  duck,  because  it  is  a  general  law  that  the  smaller 
the  animal  the  greater  the  rapidity  with  which  it  parts 
with  its  heat ;  yet  the  inexorable  thermometer  shows, 
iihe  duck  to  have  a  higher  temperature  than  the  goose 
A  mouse  eats  eight  times  as  much  food,  in  prop( 
tion  to  its  size,  as  a  man,  and  its  respiration  ii 
ing  to  Valentin,"  eighteen  times  more  energetic ; 
its  temperature  is  little  higher  than  that  of  man,  i 
its  power  of  resistance  to  cold  is  incomparably  lowei 
Birds  eat  six  to  ten  times  as  much  as  a  man,  in  pnj 
portion  to  weight,  respire  much  more  vigorously,  a 
lose  less  heat  by  evaporation ;  nevertheless,  they  a 
only  a  few  degrees  higher,  and  their  power  of  resists 

•  Valentin  ;  Text-Boot  0/  Phi/sio/ogy  (trantlatod  by  W.  Brihtob! 
p.  351. 


to  cold  is  In  general  much  less.  Valentin  says  that  a 
innies  twice  aa  much  oxygen  as  a  inan,  in  pro- 
portion ;  yet  tlie  difference  in  their  temperature  is  very 
slight. 

These  illustrations  suffice  to  show  that  no  invariable 
constancy  can  be  found  between  Eespiration  and  Ani- 
mal Heat;  even  should  the  theory  we  are  criticising 
nltiniately  turn  out  to  be  correct,  the  objections  we 
have  urged  will  still  retain  their  force,  not,  indeed, 
against  the  truth  of  the  theory,  but  against  its  incon- 
siderate interpretation  ;  they  will  retain  their  value  as 
indications  of  the  presence  of  physiological  conditions, 
And  will  show  how  vaiieties  in  the  organism  modify 
the  operation  of  the  general  physical  laws ;  thus  re- 
moving the  question  of  Animal  Heat  from  the  hands 
ibf  the  Chemist,  and  replacing  it  in  the  hands  of  the 
physiologist.     Treating  the  question  as  a  physiological 

me,  we  are  forced  to  consider  Animal  Heat  aa  deter- 
anined  by  the  energy  of  two  processes,  one  of  produc- 
tion and  another  of  radiation.  Some  organisms  pro- 
3nee  heat  more  rapidly  than  others,  and  some  part 

irith  it  more  rapidly.     The  temperature  of  the  organ- 

On  will  be  determined   by  a  balance  of  these  pro- 
Oessea.     Insects  produce  heat  with  gi'eat  rapidity  ;  but 
Y  part  with  it  so  rapidly  that  their  temperature  is 

8  low  aa  that  of  the  reptile,  which  produces  heat  slowly. 
5he  hybemating  animals  part  with  their  heat  more  til- 
nidly  than  other  warm-blooded  classes — part  with  it  too 
rapidly  for  the  maintenance  of  theit  necessary  warmth 
kriien  the  external  temperature  falls,  and  thus,  the 
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balance  being  dc'Stroyed,  they  sink  into  tbe  condition 
of  cold-blooded  auintala.  If  a  young  bird  and  an  adolt 
of  the  same  species  be  exposed  to  the  same  degree  of 
cold,  although  they  have  both  the  same  temperature  at 
starting,  the  young  bird  will  in  a  short  period  be  found 
to  have  a  much  lower  temperature  than  tho  adult,  be- 
cause its  production  of  heat  has  not  been  sufficiently 
rapid  to  keep  pace  with  the  loss.  Tho  physiological 
causes  which  determine  this  rapid  loss  in  the  insect, 
the  hedgehog,  and  the  young  bird,  have  yet  to  be  in- 
vestigated, and  may  at  once  be  surmised  to  be  different 
in  each  case.  In  tbe  insect,  the  rapid  loss  is  probably 
owing  to  the  smallness  of  its  size,  and  the  free  pene- 
tration of  the  air  through  its  body.  In  the  hedgehog 
and  young  bird,  the  actual  loss  may  not  be  greater  than 
in  other  animals  of  the  same  size ;  but  the  effect  o 
cold  on  their  organisms  may  be  such  as  to  materiallji 
retard  those  processes  on  which  the  production  of  heai 
depends.  So  clearly  ia  the  production  of  heat  i 
lated  by  the  general  condition  of  the  organism,  that,  a 
different  seasons  of  the  year,  the  same  organism  i 
produce  different  amounts  of  heat  at  the  same  tempt 
ture.  In  winter,  the  organism  is  in  its  greatest  heaM 
producing  condition ;  in  summer  at  its  Iot 
subjected  in  summer  to  a  temperature  of  zero,  its 
power  of  resistance  will  be  foimd  very  inadequate  1 
such  a  degree  of  cold  ;  whereas  in  winter  its  pow^ 
of  resistance  is  so  great  as  to  make  tliis  degree  of  c 
perfectly  endurable.  The  usual  explanation  ie,  I 
there  is  a  greater  amount  of  oxygen  conbuned  in  i 
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Bmillar  Tolrnne  of  air  in  vinhr  than  in  summer,  so 
that  at  each  inspiration  a  greater  amonnt  of  combus- 
iian  is  rendered  possible.  Bnt  this  is  nnsatisfactoiy. 
In  the  first  plac«,  in  winter  as  in  summer,  the  tempera- 
tore  of  the  month  and  Inngs  is  constant,  and  the  cold 
air  entering  would  be  warmed  before  the  oxygfii 
reached  the  blood ;  so  that,  unless  the  oxygeu  is  in  a 
different  condition  in  winter  than  in  summer  (as  some 
maintain),  no  solid  argument  can  rest  on  the  diffeTcnco 
of  the  temperature  of  the  air.  In  the  second  place,  tlie 
experiments  of  W.  Edwards  do  not  admit  of  being  tliiu 
explained.  He  placed  sparrows  in  a  glass  vaao,  (he 
air  of  which  was  maintained  at  freezing-point,  in  tlio 
months  of  February  and  July.  This  air,  coniwfiuontly, 
contained  the  same  amount  of  oxygen  in  each  ca«D  t 
and  as  the  apparatus  was  in  each  case  tlie  mimi',  and 
the  birds  the  same,  eveiy  variation  in  the  remilt  wiiild 
be  owing  to  the  temporary  condition  of  tlio  orgiiiilitiiM. 
In  February  the  temperature  of  the  birds  only  foil  tiiM 
degree  centigrade  during  the  first  hour,  reiiiitliilii|{ 
atationary  there  during  the  two  Biiccui'diiiff  limii'ni 
■whereas  in  July  it  fell  more  than  thrco  dofffvn  In  tliu 
first  hour,  and  continued  to  fall  till  the  rIikh'  tit  Ilia 
third  hour,  when  it  had  lost  as  much  ua  <ilic  iliiHi'npN. 
This  experiment  by  no  means  t.allie«  mlh  tliu  |ii'iniii«i- 
tion  laid  down  by  Liebig,  that  "  in  diiloraiit  iiIIdiuIhh 
ihe  quantity  of  oxygen  introduced  into  tlic  Nydt.niii  liy 
ifispiration,  varies  according  to  the  teuiiitjrul.iiri'  nf  I.Iih 
.external  air ;  the  quantity  of  oxygeu  UiMplrnd  IiiiiI'uiumi 
irith  the  loss  of  heat  by  external  coollnu  i  and  tlm 
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J  head  above  Trater,     As  the  season  advances,  the 
|(rater-newt  also  feels  the  need  of  occasionally  quitting 
me  water,  and  he  will  lie  basking  on  the  bit  of  stone 
T  wood  for  hours  together,  descending  into  the  water 
i  the  coolness  of  evening  descends.     To  keep  him 
mder  water  for  many  hours  in  tlie  hot  weather,  is  to 
1  him.     It  is  the  same  with  frogs  and  toads ;  and 
e  reason  was  made  clear  to  us  by  the  experiments  of 
',  Edwards.     He  found  that  aa  long  as  the  tempera- 
"ture  of  the  water  is  no  more  than  fifteen  or  sixteen 
degrees  above  freezing-point  (4;7''-48°),  frogs  will  live 
the  whole  year  round  without  once  rising  to  the  sur- 
face.    In  this  condition  they  breathe  only  by  the  skin. 
He  has  shown  the  relation  which  surface-respiration 
bears  to  pulmonary  respiration  in  these  animals  ;  and 
I  he  finds  that  the  skin  exhales  sufficient  carbonic  arid, 
^  and  absorbs  sufficient  oxygen,  to  supply  all  their  needs 
I  of  languid  life  at  this  temperature.     No  sooner  does 
vthe  temperatme  of  the  water  rise,  than  the  vital  ac- 
I  tivity  of  the  frog  increases ;  and  with  this  increase 
I"  there  is  a  greater  need  of  oxygen,  a  greater  production 
I  of  carbonic  acid — in  other  words,  a  greater  energy  of 
I' Eespiration,  for  which  the  skin  no  longer  suffices,  the 
fc  lungs  are  called  upon  to  do  their  work ;  they  camiot 
I'.do   this   work   in  the  water ;    and  if  the   frog  be 
I  prevented  from  rising  to  the  surface,  it  is  prevented 
I  from   breathing,     and  it  perishes.     We  see  this  in 
[  q)ring.    The  frog,  or  newt,  ^occasionally  rises  to  ex- 
I  Jjire  carbonic  acid,  and  absorb  oxygen  by  its  lungs.    It 
Bitten  dives  under  the  surface  again.     As  the  season 
■2l 
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quantity  of  carbon  or  hydrogen  necessary  to 
with  thia  osygeu  mtist  be  increased  in  the  same  ratioj 
for,  on  the  contrary,  we  see  here  that  the  same 
perature  of  the  external  air  will  at  different 
lower  the  temperature  of  the  same  bird  i 
s-ix  degrees.  The  cause  cannot  lie  in  the  external 
and  its  amount  of  oxygen,  but  in  the  organism,  andl 
different  conditions  iu  winter  and  summer. 

Has  it  never  occurred  to  you,  when  standing 
a  pond  in  early  spring,  that  there  was  something 
dosdcal  in  the  fact  of  frogs  and  toads  crawling  at  the 
bottom,  and  never  once  risiugto  the  surface  to  breatie! 
They  are  animals  with  lunga,  and  in  summer  live 
mostly  on  land,  perishing,  indeed,  if  unable  to  get  onl 
of  the  water  from  time  to  time  ;  yet  during  the  whole 
winter,  late  autumn,  and  early  spring,  they  pass  their 
time  under  water.  Puzzled  by  this  fact,  we  apphed  to 
a  zoologist  for  an  explanation,  and  received  in  reply 
one  of  those  explanations  with  which  the  majority  o{ 
mankind  are  willing  to  be  content,  namely,  a  restate- 
ment of  the  fact  in  different  language.  Our  own  expe- 
riments and  observations  gave  no  explanation.  We 
found,  for  instance,  the  two  species  of  newt — land  and 
water  newts — behave  very  differently.  Both  have  gills 
when  young,  and  lungs  iu  a  more  developed  conditioa 
When  the  gills  of  the  land-newt  disappear,  the  poaa- 
bility  of  living  under  water  disappears :  the  animal 
quits  the  water  for  ever,  and  you  meet  him  on  your 
staircase,  while  his  companion  the  water-newt  t) 
still  in  the  aquarium,  and  only  occasionally  thrusting 
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his  head  above  water.  As  the  season  advances,  the 
■water-nen't  also  feels  the  need  of  occasionaUy  quitting 
the  water,  and  he  will  lie  basking  on  the  bit  of  atone 
or  wood  for  hours  together,  descending  into  the  water 
«s  the  coolness  of  evening  descends.  To  keep  him 
under  water  for  many  hours  in  the  hot  weather,  is  to 
kill  him.  It  is  the  same  with  fi'oga  and  toads ;  and 
the  reason  was  made  clear  to  us  by  the  experiments  of 
"W.  Edwards.  He  found  that  as  long  as  the  tempera- 
ture of  the  water  is  no  more  than  fifteen  or  sixteen 
degrees  above  freezing-point  (iT-iS"),  frogs  will  live 
the  whole  year  round  without  once  rising  to  the  sar- 
in this  condition  they  breatlte  only  by  the  skin. 
He  has  shown  the  relation  which  surface-respiration 

i  to  pulraonaiy  respii'ation  in  these  animals  ;  and 

nds  that  the  skin  eshales  sufficient  carbonic  acid, 
i  absorbs  sufficient  oxygen,  to  supply  all  their  needs 
of  languid  life  at  this  temperature.  No  sooner  does 
the  temperature  of  the  water  rise,  than  the  vital  ac- 
tivity of  the  frog  increases ;  and  vrith  this  increase 
there  is  a  greater  need  of  oxygen,  a  greater  production 
■of  carbonic  acid — in  other  words,  a  greater  energy  of 
Eespiration,  for  which  the  skin  no  longer  suffices,  the 
Itmga  are  called  upon  to  do  their  work  ;  they  camiot 

this  work  in  the  water  j  and  if  the  frog  be 
brevented  from  rising  to  the  surface,  it  is  prevented 
from  breathing,  and  it  perishes.  We  see  this  in 
Spring.  The  frog,  or  newt,  ^occasionally  rises  to  ex- 
pire carbonic  a^id,  and  absorb  oxygen  by  its  lungs.    It 

i  dives  under  the  surface  again.  As  the  season 
2l 
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balance  being  destaijed,  they  sink  into  the  condiUim.  i 
of  cold-blooded  animala     If  a  young  bii-d  and  an  a 
of  the  same  species  be  exposed  to  the  same  degree 
cold,  although  they  have  boUi  the  same  temperaturQ.I 
Btarting,  the  young  bird  will  ia  a  short  period  be  fonS 
to  have  a  much  lower  temperature  than  the  adult,  I 
cause  its  production  of  heat  has  not  been  sufficient^ 
rapid  to  keep  pace  with  the  loss.     Tlie  physiological 
causea  which  determine  this  rapid  loss  in  the  insect, 
the  hedgehog,  and  the  yoimg  bird,  have  yet  to  he  in- 
vestigated, and  may  at  once  be  sarniised  to  be  difforenl 
in  each  case.     In  the  insect,  the  rapid  loss  is  probabk 
owing  to  the  smaJlnesa  of  its  size,  and  the  free  peni 
tration  of  the  air  throngh  its  body.     In  the  hedj 
and  young  bird,  the  actual  loss  may  not  be  greater  tt 
in  other  animals  of  the  same  size  ;  but  the  effect  I 
cold  on  their  organisms  may  be  such  as  to  material 
retard  those  processes  on  which  the  production  of  heat 
depends.     So  clearly  ia  the  production  of  heat  regu- 
lated by  the  general  condition  of  the  organism,  that,  at 
different  seasons  of  the  year,  the  same  organism  Trill 
produce  different  amounts  of  heat  at  the  same  tempera- 
ture.    In  winter,  the  organism  is  in  its  greatest  heat^ 
producing  condition ;  in   summer  at  its   lowest.     If 
subjected  in   summer   to  a  temperature   of  zero,  its 
power  of  resistance  will  be  found  very  inadequate  * 
such  a  degree  of  cold ;  whereas  in  winter  its  pow 
of  resistance  is  so  great  as  to  make  this  degree  of  c 
perfectly  endurable.     The  usual  explanation  is, 
there  is  a  greater  amount  of  oxygen  cont^ned  in  I 


nilar  volume  of  air  in  winter  than  in  summer,  so 
ibat  at  each  inspiration  a  greater  amount  of  combus- 

Urn  is  rendered  possible.    But  this  is  unsatisfactory. 

a  the  first  place,  in  winter  as  in.  summer,  the  tempera- 
"ture  of  the  mouth  and  lungs  is  constant,  and  the  cold 
air  entering  would  be  warmed  before  the  oxygen 
reached  the  blood  ;  so  that,  unless  the  oxygen  is  in  a 
idiflerent  condition  in  winter  than  in  summer  (as  some 
Maintain),  no  solid  argument  can  rest  on  the  difference 

f  the  temperature  of  the  air.  In  the  second  place,  the 
ncperiments  of  W.  Edwards  do  not  admit  of  being  thus 
jxplained     He  placed  sparrows  in  a  glass  vase,  the 

r  of  which  was  maintained  at  freezing-point,  in  the 
pionths  of  February  and  July.     This  air,  consequently, 

mtained  the  same  amount  of  oxygen  in  each  ease : 
and  as  the  apparatus  was  in  each  case  the  same,  and 
the  birds  the  same,  every  variation  in  the  result  would 
be  owing  to  the  temporary  condition  of  the  organisms. 
In  February  the  temperature  of  the  birds  only  fell  one 
degree  centigrade  during  the  fii'st  hour,  remaining 
stationary  there  during  the  two  succeeding  hours ; 
whereas  in  July  it  fell  more  than  three  degrees  in  the 
first  hour,  and  continued  to  faE  till  the  close  of  the 
third  hour,  when  it  had  lost  as  much  as  six  degrees. 
This  experiment  by  no  means  tallies  with  the  proposi- 
tion laid  down  by  Liehig,  that  "  in  different  climates 
the  quantity  of  oxygen  introduced  into  the  system  by 
respiration,  varies  according  to  the  temperature  of  the 
I  external  air ;  the  quantity  of  oxygen  inspired  increases 
^th  the  loss  of  heat  by  external  cooling ;  and  the 
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balance  being  destroyed,  tliey  sink  into  the  condition 
of  cold-blooded  anioials,  If  a  youjjg  bird  and  an  adult 
of  the  same  species  be  exposed  to  the  same  degree  of 
cold,  although  they  have  both  the  same  temperature  at 
starting,  the  young  bird  will  in  a  short  period  be  found 
to  have  a  much  lower  temperature  than  the  adult,  be- 
cause its  production  of  heat  has  not  been  sufficiently 
rapid  to  keep  pace  with  the  loss.  The  physiolo^cal 
causes  which  determine  this  rapid  loss  in  the  insect, 
the  hedgehog,  and  the  young  bii-d,  have  yet  to  be  in- 
vestigated, and  may  at  once  be  surmised  to  be  different 
in  each  case.  In  the  insect,  the  rapid  lose  is  probably 
owing  to  the  smallness  of  its  size,  and  the  free  pene- 
tration of  the  air  through  its  body.  In  the  hedgehog 
and  young  bird,  the  actual  loss  may  not  be  greater  than 
in  other  animals  of  the  same  size ;  but  the  effect  of 
cold  on  their  organisms  may  be  such  as  to  materially 
retard  those  processes  on  which  the  production  of  heat 
d&pends.  So  clearly  is  the  production  of  heat  regu- 
lated by  the  general  condition  of  the  organism,  that,  at 
different  seasons  of  the  year,  the  same  organism  will 
produce  difierent  amounts  of  heat  at  the  same  tempera- 
ture. In  winter,  the  organism  is  in  its  greatest  heatr 
producing  condition ;  in  summer  at  its  lowest.  If 
subjected  in  summer  to  a  temperature  of  zero,  its 
power  of  resistance  will  be  found  very  inadequate  to 
such  a  degree  of  cold ;  whereas  in  winter  its  power 
of  resistance  is  so  great  as  to  make  this  degree  of  cold 
perfectly  endurabla  The  usual  explanation  is,  that 
Uiere  is  a  greater  amount  of  oxygen  contained  in 
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similar  yolume  of  air  in  winter  than  in  summer,  so 
that  at  each  inspiration  a  greater  amount  of  combus- 
tion is  rendered  possibla    But  this  is  unsatisfisurtoiy. 
In  the  first  place,  in  winter  as  in  sunmer,  the  tempera- 
ture of  the  mouth  and  lungs  is  constant,  and  the  cold 
air  entering  would  be  wanned  before   the  oxygen 
reached  the  blood ;  so  that,  unless  the  oxygen  is  in  a 
different  condition  in  winter  than  in  summer  ^as  some 
maintaiQ),  no  solid  argument  can  rest  on  the  diflference 
of  the  temperature  of  the  air.     In  the  second  place,  the 
experiments  of  W.  Edwards  do  not  admit  of  being  thus 
explained.    He  placed  sparrows  in  a  glass  Tase,  the 
air  of  which  was  maintained  at  fi-eezing-point,  in  the 
months  of  Febroaiy  and  July.     This  air,  consequently, 
contained  the  same  amount  of  oxygen  in  each  case : 
and  as  the  apparatus  was  in  each  case  the  same,  and 
the  birds  the  same,  eveiy  variation  in  the  result  would 
be  owing  to  the  temporary  conditioii  of  the  organisms. 
In  Pebruary  the  temperature  of  the  birds  only  fell  one 
degree  centigrade  during  the  first  hour,  remaining 
stationary  there  during  the   two   sncoeeding  hours; 
whereas  in  July  it  fell  more  than  three  degrees  in  the 
first  hour,  and  continued  to  fall  till  the  close  of  the 
third  hour,  when  it  had  lost  as  much  as  six  degrees. 
This  experiment  by  no  means  tallies  with  the  proposi- 
tion laid  down  by  liebig,  that  "  in  different  climates 
the  quantity  of  oxygen  introdnced  into  the  system  by 
respiration,  varies  according  to  the  temperature  of  the 
external  air ;  the  quantity  of  oxygen  inspired  increases 
with  the  loss  of  heat  by  external  cooling ;  and  the 


SEniLES  TS  WINTER. 


453 


L  above  water.     As  the  season  advances,  the 

t  also  feels  the  need  of  occasionally  quitting 

ec,  and  he  will  lie  basking  on  the  bit  of  stone 

for  honra  together,  descending  into  the  water 

Xiolness  of  evening  descends.     To  keep  him 

r  for  many  hours  in  the  hot  weather,  is  to 

It  is  the  same  with  frogs  and  toads ;  and 

Q  was  made  clear  to  us  by  the  experiments  of 

He  found  that  as  long  as  the  tempera- 

F  the  water  is  no  more  than  fifteen  or  sixteen 

i  above  freezing-point  (47''-48''j,  frogs  wiil  Jive 

(de  year  round  without  once  rising  to  the  sur- 

j  thia  condition  they  breathe  only  by  the  skin. 

t  E^Qwn  the  relation  which  surface-respiration 

}  pnlmouary  respiration  in  these  animals  ;  and 

ids  that  the  skin  exhales  sufficient  carbonic  acid, 

aorbs  sufficient  oxj'gen,  to  supply  all  their  needs 

I  life  at  this  temperature.     No  sooner  does 

catare  of  the  water  rise,  than  the  vital  ac- 

C  the  frog  increases ;  and  with  this  increase 

a  greater  need  of  oxygen,  a  greater  production 

e  acid — in  other  words,  a  greater  energy  of 

(ation,  for  which  the  skin  no  longer  suffices,  thtt 

}  called  upon  to  do  their  work  ;  tlicy  cannot 

work   in  the  water ;    and   if  the   frog  bo 

L^m  rising  to  the  surface,  it  is  prevented 

and  it  perishes.     We   see   tlus  in 

I  frog,  or  newt,  rfHicasionally  rises  to  ex- 

c  acid,  and  absorb  oxygen  by  itB  lungs.     It 

k  under  the  surface  agaiiL     As  the  Hcoiion 

2l 
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balance  being  destroyed,  they  sink  into  the  condition 
of  cold-blooded  animals.    If  a  young  bii-d  and  an  adult 
of  the  same  species  be  exposed  to  the  same  degree  of 
coldj  although  they  have  both  the  same  temperature  at 
starting,  the  young  bird  will  in  a  short  period  be  found 
to  have  a  much  lower  temperature  than  the  adult,  be- 
cause its  production  of  heat  has  not  been  sufficiently 
rapid  to  keep  pace  with  the  loas.     The  physiological 
causes  which  determine  this  rapid  loss  in  the  insect, 
the  hedgehog,  and  the  young  bird,  have  yet  to  be  in- 
vestigated, and  may  at  once  be  surmised  to  be  different 
in  each  case.    In  the  insect,  the  rapid  loss  is  probably 
owing  to  the  smaUness  of  its  size,  and  the  free  pene- 
tration of  the  air  through  its  body.     In  the  hedgehog 
and  young  bird,  the  actual  loss  may  not  be  greater  than 
in  other  animals  of  the  same  size ;  but  the  effect  of 
cold  on  their  organisms  may  be  such  as  to  materially 
retard  those  processes  on  which  the  production  of  heat 
depends.     So  clearly  is  the  production  of  heat  i 
lated  by  the  general  condition  of  the  organism,  that,  alii 
different  seasons  of  the  year,  the  same  organism  wiEl 
produce  different  amounts  of  heat  at  the  same  tempera*  J 
tura     In  winter,  the  organism  is  in  its  greatest  heat^a 
producing  condition ;  in   summer  at  its  lowest. 
Subjected  in   summer   to  a  temperature   of  zero, 
power  of  resistance  will  be  found  very  inadequate  I 
such  a  degree  of  cold  ;  whereas  in  winter  its  powi 
of  resistance  is  so  great  as  to  make  this  degree  of  colli 
perfectly  endurable.     The  usual  explanation  is, 
diere  is  a  greater  amount  of  oxygen  contcuned  ia  I 
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idmilOT  volume  of  air  in  winter  than  in  summer,  so 
ithat  at  each  inspiration  a  greater  amoimt  of  combns- 
'tion  is  rendered  poaaible  Bub  this  is  unsatisfactory, 
i-In  the  first  pla^e,  in  winter  as  in.  summer,  the  tempera- 
the  mouth  and  lungs  is  constant,  and  the  cold 
air  entering  would  be  warmed  before  the  oxygen 
reached  the  blood ;  so  that,  unless  the  oxygen  is  in  a 
'different  condition  in  winter  than  in  sunamer  (as  some 
'maintain),  no  solid  argument  can  rest  on  the  difference 
■of  the  temperature  of  the  air.  In  the  second  place,  the 
■experiments  of  W.  Edwards  do  not  admit  of  being  thus 
explained.  He  placed  sparrows  in  a  glass  vase,  the 
air  of  which  was  maintained  at  freezing-point,  in  the 
months  of  February  and  July.  This  air,  consequently, 
contained  the  same  amount  of  oxygen  in  each  case : 
and  as  the  apparatus  was  lu  each  case  the  same,  and 
the  birds  the  same,  every  variation  in  the  result  would 
be  owing  to  the  temporary  condition  of  the  organisms. 
In  February  the  temperatui-e  of  the  birds  only  fell  one 
(legree  centigrade  during  the  first  hour,  remaining 
stationary  there  during  the  two  succeeding  hours ; 
whereas  in  July  it  fell  more  than  three  degrees  in  the 
first  hour,  and  continued  to  fall  till  the  close  of  the 
third  hour,  when  it  had  lost  as  much  as  six  degrees. 
This  experiment  by  no  means  tallies  with  the  proposi- 
tion laid  down  by  Liebig,  that  "  in  diiferent  climates 
the  quantity  of  oxygen  introduced  into  the  system  by 
respiration,  varies  according  to  the  temperature  of  the 
lir  ;  the  quantity  of  oxygen  inspired  increases 
trith  the  loss  of  heat  by  external  cooling ;  and  the 
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quantity  of  carbon  or  hydrogen  necessary  to  combtd 
witk  this  oxygen  must  be  increased  in  the  same  ratio-J 
for,  on  the  contrary,  "we  see  here  that  the  same  tea 
peratiire  of  the  external  air  will  at  different  s 
lower  the  temperature  of  the  same  bird  one  degree  1 
six  degrees.  The  cause  cannot  lie  in  the  external  ■ 
and  its  amount  of  oxygen,  but  in  the  organism,  and  ■ 
different  conditions  in  winter  and  summer. 

Has  it  never  occurred  to  you,  wheu  standing  b 
a  pond  in  early  spring,  that  there  was  something  p 
doxical  in  the  fact  of  frogs  and  toada  crawling  at  ti 
bottom,  and  never  once  rising  to  the  surface  to  breath 
They  are  animals  with  lungs,  and  in  summei 
mostly  on  land,  perishing,  indeed,  if  unable  to  get  oa 
of  the  water  from  time  to  time  ;  yet  during  the  wlw 
winter,  late  autumn,  and  early  spring,  they  pass  their 
time  under  water.     Puzzled  by  this  fact,  we  applied  to 
a  zoologist  for  an  explanation,  and  received  in  i 
one  of  those  explanations  with  which  the  majority  li 
mankind  are  willing  to  be  content,  namely,  a  rests 
meat  of  tiie  fact  in  different  language.     Our  o 
riments  and  observations  gave  no  explanation, 
found,  for  instance,  the  two  species  of  newt — land  s 
water  newts — behave  very  differently.    Both  have  g 
when  young,  and  lungs  in  a  more  developed  conditu 
When  the  gills  of  the  land-newt  disappear,  the  p 
bility   of  living  under  water  disappears ;  the  t 
quits  the  water  for  ever,  and  you  meet  him  or 
staircase,   while   his    companion   the  water-ne 
still  in  the  aquarium,  and  only  occasii 
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head  above  water.  As  the  season  advances,  the 
trater-newt  also  feels  the  need  of  occasionally  quitting 
the  water,  and  lie  will  lie  basldiig  on  the  bit  of  stone 
wood  for  honrs  together,  descending  into  the  water 
Its  the  coolness  of  evening  descends.  To  keep  him 
under  water  for  many  hours  in  the  hot  weather,  is  to 
kill  him.  It  is  the  same  with  frogs  and  toads ;  and 
ithe  reason  was  made  clear  to  us  by  the  experiments  of 
W.  Edwards.  He  found  that  as  long  as  the  tempera- 
.tnre  of  the  water  is  no  more  than  fifteen  or  sixteen 
degrees  above  freezing-point  (47°-i8°),  frogs  will  live 
,the  whole  year  round  without  once  rising  to  the  sur- 
fece.  In  this  condition  they  breathe  only  by  the  skin. 
Ke  has  shown  the  relation  which  sur&ce-respiration 
liears  to  pulmonary  respiration  in  these  animab  ;  and 
ie  finds  that  the  skin  exhales  anffieient  carbonic  acid, 
And  absorbs  sufficient  oxygen,  to  supply  all  their  needs 
iof  languid  life  at  thiii  temperatnre.  No  sooner  does 
^e  temperature  of  the  water  riae,  than  the  vital  ac- 
lavity  of  the  frog  increases ;  and  with  this  increase 
there  is  a  greater  need  of  oxygen,  a  greater  production 
of  carbonic  acid — in  other  words,  a  greater  energy  of 
Eespiration,  for  which  the  skin  no  longer  suffices,  the 
lungs  are  called  upon  to  do  their  work  ;  they  cannot 
this  work  in  the  water ;  and  if  the  frog  be 
irevented  from  rising  to  the  surface,  it  is  prevented 
breathing,  and  it  perishes.  We  see  this  in 
The  frog,  or  newt,  rficwisionally  rises  to  ex- 
carbonic  add,  and  absorb  oxygen  by  its  lungs.  It 
dives  under  the  surface  again.  As  the  season 
•2  L 


advances,  the  riaings  become  more  frequent,  till  in 
hot  weather  the  frog  lives  chiefly  on  land,  and  the  nt 
alao  is  forced  to  expose  itself  to  the  air. 

These  facts  do  not  accord  with  the  hypothi 
Anima!  Heat  being  the  direct  effect  of  Respiration 
for  we  do  not  see  the  frogs  get  warmer  because  their 
Kespiratiou   has   become   more   extensive,   but 
Eespiration   becomes    more  extensive    because 
are  warmer :    warmth   has  increased  the  activity 
their  vital  functions,  and  has  increased  Req)iratioii7 
which  is  one  of  thesa     We  know  how  intimately  de- 
pendent the  vital  functiona  are  on  temperatore,  and 
Chap.  VL  we  saw  how  Eespiration  in  the  cold-bloi 
animals  uniformly  increases  in  energy  as  the 
warmth  increases,  up  to  a  certain  point ;  and  we 
therefore  able  to  understand  how  it  is  that  a  low 
gree  of  vital  activity  will  be  found  coincident  with' 
feeble  respiration  and  low  temperature,  while  a 
degree  of  vital  activity  is  coincident  with  enerj 
Eespiration  and  a  high  temperature,  without  our 
forced  to  admit  that  this  coincidence  implies  a 
causal  relation  between  energy  of  Eespiration  and 
mal  Heat. 

In  conclusion,  we  may  say  that  the  hypothesis 
erally  adopted  respecting  the  production  of 
Heat  is  very  far  from  possessing  the  evidence  demani 
by  science.  It  may  be  true ;  we  do  not  think  it 
true ;  and  we  are  persuaded  that  it  is  not  provi 
It  rests  on  two  pillars,  the  very  fomidations 
are  insecura     The  first  of  these  is  the  chemical  h' 
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thesis  of  direct  oxidation  of  the  carbon  and  hydrogen. 
The  second  is  the  assumed  invariableness  of  the  rela- 
tion between  intensity  of  heat  and  energy  of  respira- 
tion. We  are  not  warranted  in  affirming  either  of 
these  propositions  ;  all  we  are  warranted  in  affirmiDg 
is  this :  AnimaJ  Heat  is  evolved  in  various  chemical 
and  physical  changes  which  occur  in  the  processes  of 
life,  and  is  consequently  in  direct  correspondence  with 
their  energy,  rising  in  intensity  as  they  become  more 
active,  and  falling  as  they  falL  We  have  every  reason 
to  believe  that  oxygen  is  the  great  inciter  of  such 
changes,  the  indispensable  condition  of  vital  activity  ; 
but  we  have  no  direct  evidence  that  these  changes  are 
all  oxidations ;  we  have  direct  evidence  that  some  of 
them  are  not  oxidations,  but  are  dependent  on  Inspira- 
tion only  as  one  organic  process  is  dependent  on  an- 
other, and  as  Sespiration  itself  is  dependent  on  them. 
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Cunan  aad  Ids  Gcataqmariii. 

By  CSAKLBb  i'WK.Mi^.    >.^  .  Jr.   lb 

A  Kev  »^tfcS*»»  Cnrwc  Octave   f*^*'^:  T^  V. 
Kjyriiaiud  be  wtxi»ii»*r  r  '—.'>/'«■  #>' .— ^  -•.-^ 


lift  sf  Jcfaii,  Bake  ^  JKuriiMi^i- 

By  Sir  Akcmu^  .>-  "  '>^"    9'^^'     ^' '   •• 


MBaflRS  BLACKWOOD  iND  SONS     PliBLlCATI 


Tales  from  "Blackwood." 


and  in  VoIudih  QuarUrl;,  pri^ 


:,.  I.    TheGUnm 


Tha  Volumoi  puliUaliod  contain — 

it4;hklD  RaHway. — Vonderdeckpn's  Hctssngfi  Bome. — Tfa 

□uaroD.— uiiDnna  ldc  Punter —Napoteon.— A  LcRiMid  of  Oibnllsr.— The  Iron 

Vol.  II.    laiiiD'B  I.agacr.— 4  Stary  without  a  T^l.— Fmstua  ind  Queen 

—How  1  bccnme  >  raouuti.— DevnTsui:  IIbU.— The  HtttenipsjcbDais.— Cullego  T 

Vol.  IIL    A  Reaiiliig  Patty  In  the  Long  Vscatioa,— Father  Tom  and  Uie 

Pelita  MarteUine.— Bob  Burke's  Duel  Willi  Ensign  Brady.— Tba  neadaman  : 

Vol.  IV.    How  1  stoad  for  the  DtBepdaOy  Burgha,  —  Pint  and  Ifflsl.  —  The 


'^« 


He  the  WatBiT  Widl."— 
— The  Magic  tny  of  tbi 


Paton'a  Lament.— The  Village  Doctor.- 


w  we  got  PomeiiaioD  of  the  Tail 


Adam  Bede. 

B;  Georqe  Eliot. 

Saranth  Edition.     Two  Vola,,  Foolaoftp  OctnTo,  prioo  12s. 

Scenes  of  Clerical  Life- 

THE  SiD  FORTUNES  OP  AJI08  BABTOh'— MR  GILFIL' 
JANEra  REPENTASOE. 

By  Qbobqb  Eliot. 

Second  Edition.     Two  Vols.,  Fookcap  Octavo,  price  12a. 

The  Mill  on  the  Floss. 

By  Geobqe  Euot, 
Author  of  "  Scenes  of  Cleri 
In  Tliroe  Volumes,  price  £1, 11a.  6d. 

Salmon-Casts  and  Stray  Shots : 


id  Edition,  Poolacap,  £s. 
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What  will  he  do  with  it! 

By  PiSISTBATUS  Castost. 
Originally  published  in  Blaciicikkrt  Jlajasine. 
Four  Volumes,  Post  Octavo,  price  £2,  ^ 

Lady  Lee's  Widowhood. 

By  Lieut'CoL  K  Bl  Hamlky. 
Third  Ekiition.    With  Eogravings.    Crown  OctaTO,  price  da. 

**A  qoiet  humour— an  easy,  graceful  style — a  «leeii  thoii)(h  ninAilRiit  kimwii:.!^ :  ..■ 
human  nature  in  its  better  aud  more  dcgrauiiiu  sMimitu — ii  tlnlifiiLn  ttinl  niii|ui4it>:  '>|>|.i  : 
etationof  womanly  character — an  admirable  farulty  of  dfrii-riiitimi,  mihI  |{Iis4L  \^..t 
tiie  qualities  that  command  the  reader's  intereHt  auil  nmiiuirt  fiuiii  \ir.^iuhiuii  L.<  uii-i 
Vie  Times. 

The  Athelings;  or,  The  Three  Gifts. 

By  Mrs  Oliphant. 

Three  Volumes,  Post  Octavo,  price  XI,  lis.  Gtl. 

**  It  is  quite  charmizig.    The  betfinuinj;  i.i  pcrfi-.t-.t,  aii'1  inny  nnk  Mrir.ii  «i.>  (mUIu,-.  -.r  i-. 
interior  that  we  know.   In  The  Ath^Lin/jt  Mrf  01i(ili.-ii«t.  t-.tt-ji-iwa  t,\U,  U.-.  ^^,'.*.%.k.'.\.  .;.■■.• 
her  talent  for  pietore-paintm^.    Tht^r^  h  not  a  nUtiV*-.  ui  a  KhnAr.  h,:  <<.-.' i.  >.*  ''.-. 
A  sweeter  story  than  Tlu  AtMiAgi^orott*:  ui/ii*-.  t^%ii.f'i!iy  ^ir.iv-.i,    H".  l^  >•:  uiA.  v..,  .  ... 
many  a  long  day."— <r£o4c. 

Zaidee :  A  Bomance. 

By  the  same  Aoti^r. 
Throe  Volumes,  Post  OctiT-.,,  prij*  t\.  1  :*   ^A 

Katie  Stewart:  A  Tme  Storj. 

Bt  the  same  XTSic^x. 
Second  Editioo,  Y-ySMX^.  yr^^jt  'jt. 

The  Qniet  Heart 

Bv  the  Bttxue  jLutJi'jf . 
Seocmd  Editloc..  Post  >.:ii&ii   pr.vt  ,  :    v. 


Cheap  Editicaa  cf  PojfnLiisr  Wixrix 

Lights  a^l  •sHrf.in^r  wr  »*,•.♦■  -^^  .'.  r*      t  ^j...^^,  ».       v     ■/»•. 

The  Tk:*.!*"  *.»?  Ji^.-.«'#..jii      .-.-..a.--      >>    •....    ...•..,,    /        ,,;..-  ^^'  •: 

of  SC»r.«H.  ^r  •       f  .««-K>i,    '.  .        ^       :.*•.. 
TBZ  FObBfTftfEr        far     1.^    <iJ*,..-/-      /^         ■.■•;.»i#     «>./     r..^^r."        f     \, .,:•.•. 
F'>iia'.-u:    ■:•■.     >      i.  ,-!i 

T'jje  Cis:vf-,«"  -  I-.-       ',.-...;.-i^  ..  '*...      .  ....    *  ,.      .,  ^     •'.  ,• 

The  '".is'  :1^    ••     »:■  jj  ^•.        »,    ■ ■  . ,    /       .  -^       '■>;•• 

The  LT?'t  li?  JCirsi.-  t  -. .  .*       -..»,.-    i.    .^« ..,       t  ,-. 

The  rsvfcw*-- .''.**;      fc.    •-,..-..-    /        •  .    ,-■-..#     ..■,..  #  ..  . 

bt  -ii-.-r. 
Peninh*. :-ir    :?.•.■'  t     ■  -.     .■•»./■.       f,    '..,..-.>,    /        J  .      . .  .* .  .. 

niamc         ^  .•'..o-.i     •.        ,     •    .• 
y lOKT-  A '  Ji  •■-«       .  ■       ■   *.'  ,    r     ••^ '  •  * .     ■. 

The  V'i-  .'f  -•.•.#'  •        .„■.•■         .,..,.       ,.  .     .    I       , 

Mail  J":  r    .     . 

V.\:,!:fcr  ■.■•.-.••.      .    •-        /  . 

JUtii'.rAk...    iJt  ..  .         ..  .  .      -      •  *   -■ 

bujif.  *"«.•».-.',  #.    .    .,      ./•... 

*■ 

Sll:  A. t. ..--'.•     •■  

1  ft  ^.   f  i'*  #  '  .^        •■*■.....,  .  . 

Thi.  h.s    ..         , *  . 


AKD  aON*^   FDBLICATIOIfS. 


By  tho  Rev.  JoHS  Eagles,  A.M.,  Ozon. 
Originnl!;  published  in  J^fafibcaatfi  Magatim. 
)Bt  Octayo,  price  10s.  Sd. 


"  Tbrre  ia  in  umest  (od  oigorDiu  Uiuu^t  abiiiit  thsm,  i.  genlil  and  LsitlUij  Uite  U 
feelfng,  and  a  flDwlDg  and  frequsQtlT  eloquoot  Btyla  of  languor,  Uiat  puke  tbli  book  onl 
of  tli«  moat  pll^Bwut  companloiui  thai  jou  can  laks  with  joa.  if  you  are  bound  liirlla 
woodland  or  paatutal  suenoty  of  mrml  Hnglabd,  eapeuially  if  you  go  to  stud)'  ths  pi' 
tumqu;,  vhather  Bi  an  otiaeiveioTaiuiutlst." 


By  the  Sev.  JoifN  Baoles,  A.M.,  Oxan. 
Originally  published  in  BlackaootCt  Magaiiue. 
Post  OotsTO,  We.  6d. 

CmtenU — 
Chnrch  Xualo.  itnd  other  Parochfals— Mgdloal  Attendance,  ana  o; 
Houn  at  Hninptau  Court—Orandfatheii  and  QraDdchildren— 

ThackBiny-a  Laiiturea:  SwiB— Tho  Crista]  P"  ""    " 


Thomdale :  or,  The  Conflict  of  Opinions. 

By  William  Smoh, 
AutKar  of ''  A  Diaoaurse  on  Ethios,"  lie 
A  New  Edition,  Crown  Ootavo,  price  10a.  fid. 


-■  It  Is  long  since  wn  liave  met  with  a.  nincB  remarkable  or  nDrtbT  baok.  Ur  Smltk  il 
alwBjJ  ttiDiwhtful  and  BU(g!OBtlve.  H*  haa  been  eiitLndj  snceo«fal  in  canTingooHia 
wish  to  prodlice  a  volnmc,  m  reading  which,  a  thoughtful  man  will  oftea  pauae  wKh  Ul 

muathavB  been  irrltten  sionly,  and  at  tnt^rvala,  frum  Its  affluence  of  beautiful  tboiuU. 
Ko  mind  could  have  turned  off  Burb  material  with  the  eqnable  Bow  of  a  Btreara.  Wt 
know  few  wnrka  in  which  tliere  may  be  found  ao  many  fine  Ihougbta,  ligit-briaging  iJlBi- 
tratlons,  and  happy  torns  of  oxpteBsion,  to  invito  the  readBr'apeaoIl."— JVoier'i  MnjaJta* 

Lectures  on  Metaphysics. 

Ey  Sir  Wii.MAM  Hamilton,  Burt. 

Edited  by  the  Rev.  H.  L.  Mansbl,  B.D.,  and  John  Vbt 


Institutes  of  Metaphysic : 

TEE  THEORY  OF  KtfOWIKO  AND  BEISO. 
By  Jambs  F.  Fbbhibb,  A,B.,  Oxoil, 
Profetsor  of  Moral  PiilloBophy  and  Politiool  Economy,  St  A 
Second  Edition,  Crown  Octavo,  10s.  6d. 
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Diversities  of  Faults  in  CShristian  Believers; 

By  the  Yeiy  Rev.  E.  R  Ramsay,  M.A.,  F.RaK, 
Dean  of  the  IKocese  of  Edinbuiig^h. 

In  Foolscap  Octavo,  price  4b.  6d. 


of  Christian  Character. 

lUtutrated  in  the  Lives  of  the  Four  great  Apostles. 
By  the  same  Author. 
Uniform  with  the  above,  price  4s.  6cL 

Bdigion  in  Common  Life : 

A  Sermon  preached  in  Crathie  Church,  October  14,  1855,  before  I  Tor 
MajeRty  the  Queen  and  Prince  Albert.  Published  by  Her  Majosty'n 
Command. 

By  the  Rev.  John  Caibd,  D.D. 

Bound  in  doth,  8d.    Cheap  Edition,  3d. 

SeormonSt 

By  the  Rev.  John  Caird,  D.D., 
Minister  of  West  Paric  Church,  Glasgow. 

In  Post  Octavo^  price  7s.  6d. 

Prayers  for  Social  and  Family  Worship. 

Tnptnd  by  a  Committee  of  the  General  Asiiembly  of  the  Church  of 
Scotland,  and  specially  designed  for  the  use  of  Holdiem,  Hailoni, 
Colonists,  Sojourners  in  India,  and  other  Pernons,  at  Home  or 
Abroad,  who  are  deprived  at  the  Ordinary  Services  of  a  Christian 
Ministry.    Published  by  Authority  of  the  Committee. 

In  Crown  Octavo,  bound  in  cloth,  price  4b. 

Ptayers  fiv  Sodal  and  Family  Warship. 

Befaig  a  Chei^  Edition  of  the  abore. 
PrieeU.0d. 

Thfliim: 

THE  WIT!reS8  OP  REASON  AN'D  NATURE  TO  AN"  ALI^WISE  AN!) 
BENEFICENT  CREATOR.— (BcRjreTT  Prize  TftSATisF.) 

By  theRer.  J.  Tclloch,  D.D., 

Principal,  and  Primarius  Professor  of  Theology,  St  Clary's  Collo£f«. 
St  Andrews. 

Grown  OetaTo,  lOs.  6d. 


1(1  MESSRS   BLACKWOOE   AND   B0N8    FUBLICATIONEL 

lives  of  the  Qneens  of  Scotland, 

ASD  EWGl.ISH  PRINCESSES  CONNECTED  WITH   THE  1 

By  AoNES  Strickland. 

With  PorlrsiW  imd  HJBlorical  Vignottea.    Complete  in  Eight  VoU., 


1 

ILDTIOSS 


Sistoiy  of  Enrope, 

FROM  THE  OOMMBNCEUBKT  OF   TIIK  FRENCH   RBTOLDTIOS 
THE  BATTLE  OP  WATERLOO. 

By  Sir  AacaiBaLD  Aimnw,  Bart..  D.C.L. 
A  Kew  Edilian  of  tho  Library  EUilJoii  is  iu  the  Piaaa. 
Crown  Octavo  Edition,  20  rols.,  price  £ti. 
Paople's  Edition,  12  vola.,  double  eoIj.,  £2,  &i. ;  and  Index  Vol.,  3a. 

The  History  of  Enrope. 

FRO.'H   THE   FALL  OP   NAPOLEON  TO  THE  ACCESSION  OF  LvMi 


By  Sir  Aechibald  Alison,  Bart,  D.C.L. 

Completo  in  Nine  Vola.,  price  £6.  7s.  3d.     Uniform  with  the  lilnwy  Editi« 

of  the   Author's  "  History  of  Europo,  from  tha  CommaDcement  of  tb 

I'ranoh  Revolution." 

Atlas  to  Alison's  History  of  Europe ; 

Containing  109  Maps  and  Pkns  of  Countrioa,  Bottloa,  Si^«a,  and  Sea-FleUi. 

ConatmcMd  by  A.  ^rrn  Johsston,  P.E.S.E.    With  Vooahulary  rf  JEK' 

fary  and  Marine  Terms. 
Library  Edition,  £3,  3h.  ;  Petiple's  Edition,  £1, 11a.  6d. 

Eiatory  of  Greece  under  foreign  Domination.  , 

By  Geobok  Finlay,  LLD.,  Athena.  \ 

Fiva  Volumas  Octavo— viz. : 

Qreeea  uniler  the  Eomana.  b.o.  146  to  a.d.  717.  A  Hirtorical  View  of  ttrt 
condition  of  the  Greoti  Nation  from  its  Conqueab  by  the  Romana  UDtUtlo 
Bidnctiou  of  the  Roman  Power  in  the  East,     Second  Editioa,  16a. 

ElBtory  of  tbe  Byiautiiia  Empire,  a.d.  716  to  1204  ;  and  of  the  Gree^  Ensba  i 
of  Hioaai  and  Constantinople,  A.D.  1204  to  1453.     Two  Volumes,  £1,  7».*L 

HedioTikl  Greece  and  Trebliend.  The  History  of  Greece,  from  its  C_^. 
hy  the  Cruaadorg  to  ita  Ciintiuast  by  the  TiirkB,  A-B.  120*  to  IStttn 
History  of  the  Empire  of  Trobizond,  A-D.  1201  to  1481.     Priea  13^^^ 

Qreece  imder  OtIuim«i  and  TenetUn  Domination.  a,i>.  1453  to  18J)|TQ 
10s.  6d.  ■ 

"BU  work  Is  therefore  lumed  and  profound.    It  throng  A  flood  Ct 
hnportant  tliongh  obscure  paitinn  of  QreT'lsn  hiBtorr,    ...    Jn  tbe 
of  Qdelity,  atpunc;,  and  leimtaK.  Ur  Finlay  Iwan  a  EivoaraUe  a 
hiatorlcai  writer  of  our  day."— ^orttdmerleapi  Retitio. 
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Ihe  ESg^btasii  filirirtifl"  CnfcnnflB. 

By  the  fier.  Jakes  WHECt. 
Ehiid  Edition,  wrth  Analjrtkal  Tatwe  of  CostencE,  ouU  a  Cupiuw  iiiuci      ' 
Octavo,  prioe  7b.  tkL 

"  He  eoes  to  woik  npon  the  oxiivtxu*:  imuctpi'..  wi'.'.  pniuuu«^  !•  iiirtwi'' liia-  r    ■■ 

Mtisfles  truth,  arrerts  the  mifuiorj.  luiJ  Wi-  lii-   iiunjcmatiwi       Wjw.-i    i (in.ir 

Analytical  Contents;  an  sappUwi.  i;  will  u^  dfllicuii  i-.  my  jmim-  «"■  «"■  »""J=  ■    i-    •'■■■• 
more  useftil  end  more  emertaiiiiut:  •— Tiwei.  Hvvmjw  n!  lire;  .iiIiImh 

••  At  once  the  moat  pictUTBBqucwiJ  Ui-^uiuetinii  iTiiuu;   *  Ilium-   w    MmitT-    Jlian-T 
vfaich  the  general  n»dt?r  could  oe  reitfrreJ  '^^;uHi.vnJ^'nHw■ 

•'HwlhCTiltyforduuuguiauui;:  til- wu«a:  Irvn   Hi'   «;iuir.  nii-i  "'  m|i"Iiu;    in-   "•  ■ 

vabbish,  while  lea^ixic  n..  bumv  grain  luititieu.  uiiih«->  iw  *  hijihu^-i   '^i"i:  iin-   ■      

■n  invaluable  manoiu  alikt;  to  tu*:  oiu  muu  yuuiig  rwiutr^ '  .^fimui 

**  Sir  White  conMS  to  tht*  asftisiantw  ol  tiiuit^  wim  wuuM  kimiv  Hmiii-Hiiu:-  n'  f  n-  \\»  •■  •• 
of  the  KAteen  Chrirtian  Centuries  :  and  tiiub^fwim  wan-  i--  rh'»v  hh:  m"t.  u\n    ••  ,  ■•■ 
-them,  tSTlind  that  he  has  perfecieu  fc  piai:  whiui.  cai'-iw   in-  nin-ntuji    an     sp-    t" 
diatinetiTe  featore  of  each  ci;uiur>-  in  tii-r  luvuiory  '  — II  wieijui  7  iw 

History  of  Fnmoey 

FROM  THE  EARLIEST  PERIOD  TO  TJIL  YI>A1<   IW' 

By  the  Ber.  Jahb>  Wuirt; 

Author  of  the  '*  Ei^iUMeu  Ciirialiai.  'Jentunw. ' 

F68t  Ootavo,  ptioe  db. 

•*  Jfr  White's  *  History  of  Franco,"  in  a  Bin;;!'-  voiiim«  n*  h«»iiu  wh  iiuj;«;    i  i'iiii,:ti.  •  1 1  ■■• 
IfH^twp  incident  worth'tht^  teliiu^;.  uik!  aiwunur  n    wim.  jnitniirj:-  n-niMi-  '  .    |i.ii;i.'..i  < 
baa  often  SB  much  active  life  in  i;  as  uim;  o*  \ix\»>f  iih'I'-miiiup  rn-jitiu::  •.'  tif  :-ti'.i- 
tai  irtiich  maybe  clearly  aven  wlioit:  anui«h  cuiiusuiiiu;-  u   itMHm-.  (irinTrainrTi:  jnni  n-  tn.i'i 
luddeiits  (TO  battle  as' uuty  be  ^axed a:  u:  tii'- uiii«s.   u'  'runvuh-  u    iii'   mini;!'-  in  :.:!• 
ggliap^jM  at  YenaiU6fi.''^^tAeiMi;a.m. 

^^^An  excellent  and  comprehemiivt  cuiiipeuOiuii    o*  T-ini'j    iiiK«"n    «iiiii'   ;i»i-.--   ni- 
■teadard  of  a  acbool-buok,  auU  particuiariy  w«r  aua|ii-*-i:  fir   tji>   Ihtiiih-   «■'   lit-r.i- 
tnatltatknu.'* — Hotianai  Htvitvc 

"  We  have  m  this  voluuii- till-  huiiun- otFrau'.'!*- wj<:  rniu'lr.  aii«:  ili^iin'tt'  h-  <  n.nr.ii-. 
^flio has Smcy  and  judgment  Ui  aasiMi  inn.  ii  mrizmi- rurnt i-  an'  T""<«'iiini;  n  <■•■  ■-•'•: 
eftoetive  manner  botli  tiie  uiaui  mciUeub>  uf  hn-  lai*  aji<'  tn*  muii  imti- ii'li-  nn-ii'-  n 
them.  Mr  White  is,  hi  our  tim*-,  Ui'.  ujji>  wni"'  "'  Minr:  nt^mno:  •■■  «.iiiiiiiiiiti<> 
history,  that  may  be  lead  lor  piuasui'- a^  w«i:  a:  ni'^ru''tii)i..  iniit  nr>  im;  ii-«-  imk  i-<- 
lieinc  told  in  an  effective  way,  and  thai  givi.  etiua;  muomuti  h  Ui«  niltivnt'i:  uiu.  i>  iti> 
nncuHivated  reader.  "•^£»uAiAer. 

lipadiBTf  of  tliB  SflfimuEtdon : 

LUTHER,  CALVIN,  LATlMi:;K,  ATai  lU^rjX 

BytheBev.  Joun  Ti'llo'th.  I).I>.. 

Principal.,  and  Prtmariut>  Prulfwfur  of  Tiieolofj}-.  ?*T  MuryV  CuUcvt*.  Si 
AndridWB. 

Crown  Octavo,  prioe  5b. 

"Wesre  not  acqnainUid  witli  any  ivcirk  iu  whi'rli  sri  much  aolid  inrnnnAMim  iiptii)  i>i< 
loafling  Bspeots  of  the  great  Kelbruiatiuij  ih  }ir«:ri«fut.«(J  in  k(>  wi-n-inufkpd  iim!  ]ilrHsin).  ■• 
fonn^'^IFitNaa. 

"The  idea  was  excellent,  and  most  ably  luu>  ft  l>»»«ij  «:xp(ait«l  Knch  Fwuiy  is  «  1i^«t»'»t.  iu 
pound  thinking  as  well  ae  iu  gnwd  writinc.  Ttie  dfilHiorate  pcnisjil  nl  the  v»»lnini-  vil.  l»i 
an  exerciae  for  wfaicli  all,  wiirtiier  youutror  old,  vil]  Vm-  the  U^ttiT.  Tin-  bonk  i>  i-nnlit.'. 
nwii  thron^cmt  marked  by  great 'indejKaideiiot-  ol  thoufrhi.  Wc  vj-ry  \\\^\\\\  prize  \lu 
pahUcstiou."— ifritwA  Standard. 

**  We  esnnut  but  congratulate  both  Dr  Tulloch  and  thr  nnivorsity  of  wbirh  bo  it*  so  pro 
minent  a  member  on  thiB  evidence  of  retuminp  Y\U-  in  Prpshyt^'rian  t.hoiighl.  It  socin*. 
SB  though  th«f  chains  of  an  i»utcn)wn  Puritaniam  vnrc  at  iRst  fMllinp  fW^m  tho  lin.lw  ..; 
Beotcb  theology.  There  is  a  width  of  Fyiuiuitliy  and  a  pow«T  of  -wTitinp  in  this  litilr  x--". 
nme  wlueb  Ims  us  with  gruut  exjwtati'on.  "We  trust  thflt  Dr  Tnllo«'h  will  ,Miisii1iM  W  :»s 
XffAn^  merely  the  basis  of  a  more  complfitx'  and  erudit.o  inqmn."--/  itera.y  tin:ri'ttt. 

•*The  style  is  admmbit;  m  font-  and  in  pat.hoA,  and  thr  K»ok  ono  to  ho  alttv*''^-*''  "'' 
OOUimendcMl,  both  for  the  merit*  of  th«-u*p  of  whom  ii  troat.s,  and  for  that  whioU  \^w  ^  r.»'-» 
tntccoiciouHly  roveolb  of  his  own  character." — Glci». 
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